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During the year considerable progress has been made in 
the development of theory related to exobiology, and this 
development has been notably assisted by the Colloquium on 
Theoretical Biology of the Cell which was held at Port Collins 
in the summer, sponsored by NASA and A I R S .  
Perhaps the most notable single development has been 
that,(under pressure from the theoreticians!) our associated 
Cell Biology Laboratory has succeeded in reassembling living 
cells from isolated membranes, nuclei and cytoplasms. This 
is the first successful cell synthesis, and opens the way into 
a variety of programs which involve the design and synthesis 
of cells for special purposes. One of these is the design 
of an organism which can live on Hars. This study is being 
conducted together with members of the staff of the Deparaent 
of Geology at Buffalo. This association has in turn led to 
formation of a team at Buffalo which is working with Bio- 
spherics, Lnc,, in a rigorous study of control experiments 
Arising from our successful development of the theory 
of lipid bilayers is a membrane design which has been suggested 
to the Office of Saline FJater. Devefcpent work on this is 
expected to start in the fall of 1970. 
The work of the past year can be s 
the maturation of the theoretical work previously supported 
by this Grant has resulted in a series of developing studies 
relevant to exobiology, and is also leading to substantial con- 
tributions ts the solution of some terrestrial grsblems, 

"I'erxell L, Liil-1 
Otto  Schizitt 
The Center f o r  Tlreoretical  d io losy  cont inues t o  be a 
unique and r e f r e s l ~ i n ~ l y  d i f f e r e n t  grouL3 with a charac ter -  
i s t i c  ind iv idua l  approach t o  biology. In  our  opinion, i t  
adds stature t o  t h e  s c i e n t i f i c  ~3rogram a t  ti.& S t a t e  Universi ty  
of ;{ew York at 9uffa10, Tire 5 x 0 ~ ~  is c lea+ ly  a b l e  to 
relate t o  o t h e r  sc ience  rdepart~nents and a l s o  t o  a c t  respon- 
s i b l y  a s  concerns proLlerns t h e  ' Jn ivers i ty  has  t o  face 
ancl so lve ,  
A t  t h e  p r e s e n t  t i n e ,  when t h e  Universi ty  f a c e s  major 
new cons t ruc t ion  p r i o r  t o  an inc rease  i n  e n r o l l a e n t  and 
t ; ierefore i n  t h e  recruitrilent of  new f a c u l t y ,  t h e r e  i s  a 
consiGerable advantage t o  t h e  s t r a t eyy  of bui l6 ing  up theo- 
r e t i c a l  corqetence throughout sc ience ,  Strengtheriing of 
he Center f o r  Theore t i ca l  , : i o l o g  would be 
with  t h i s  s t r a t e g y  . i,:oreover, s i n c e  t h e  ilzsitxbershi;~ anG 
a c t i v e  p a r t i c i p a t i o n  i n  t h e  Center f o r  Theore t i ca l  5 io logy 
is l a r g e l y  by ind iv idua l s  with f a c u l t y  appoin t r~~ents  i n  
o t h e r  depar tn~ents  , t h e  unders taridin9 of theory throughout 
sc ience  i s  iiq2ortant t o  guarantee the a v a i l a b i l i t y  of i n d i -  
v idua l s  of d i s t i n c t i o n  t o  work i n  the  Center,  
The s i t u a t i o n  i n  genera l  suppor t  of sc ience  toGay i s  
changing because one rap id  per iod of expansion is  c l e a r l y  
ending an6 t h i s  sugges ts  t h a t  soae  new approaches be atiade i n  
a l l  sc ience  d e ~ a s t m e n t s ,  Tl ieoret ical  t3iology lends  i t s e l f  
t o  cooperat ive and consu l t ing  progra~m w i t h  Engineering 
and Xeaical Departiients i n  which t h e  t h e o r e t i c a l  ideas and 
advice on the program can corite fro~rt, f o r  e x a ? ~ p l e ,  t h e  Center 
f o r  Theore t i ca l  Uiology. I n  tixis connection, we n o t e  with 
s a t i s f a c t i o n ,  t h e  use of ner-tbrane theory t o  a e v i s e  a r t i -  
f i c i a l  ii~eirbranes for a  d e s a l i n a t i o n  prograra undertaken by 
t h e  Department of Cheaical  Engineering. 
3XP3XI14EL?T Iiif THC i&!IDGT OF Tfj3Oi;ZY 
A cen te r  f o r  theory should n o t  be i n  a vacuum as 
regards experiment. The ar~oeba nuclear  t r a n s p l a n t  and 
l i n e a r  a l g a e  work makes sense as both are related t o  ce l l - -  
u l a r  theory i n  one case  and m u l t i c e l l  theory i n  t h e  o the r .  
ACYIVE Z~qZYi'll. SITES 
The l o s s  of one f a c u l t y  :t~e.~her has c u t  back on t h e  
is t o  be r e g r e t t e d ,  
CO;r@UTZR FACILI'1'Ir;S .73L.18 TH3 CEdTER FO& TITZOZUTICAL EIOLOGY 
--- -
Ilany U n i v e r s i t i e s  are fac ing  a  sharp  problem w i t h  
regard t o  coxnputer f a c i l i t i e s .  These have grown and o v e r a l l  
sup9ort  by g r a n t s  has ceased. 'Zhe tendency i s  t o  aGopk a 
hard l i n e  and t o  r e q u i r e  that only supportea projects get 
con~puter tine f o r  which the2 pay. I f  t h i s  i s  done t h e  
-7- 
u t i l i z a t i o n  of t h e  computer may become very much sub- 
opt imal ,  An a l t e r n a t i v e  vrhich we reconmend, i s  f o r  t h e  
Universi ty  t o  perrnit and indeed encourage s k i l l e d  personnel 
such as those i n  the Center t o  p a r t i c i p a t e  i n  t h e  use of t h e  
eoraputer, f o r  they a r e  e f f e c t i v e  and e f f i c i e n t  i n  t h e i r  use 
of i ts  t i m e ,  and t o  show f a i t h  t h a t  t h e  r e s u l t s  forthcoming 
w i l l  e a rn  t h e  r i g h t  t o  support  i n  t h e  f u t u r e ,  I n  any even t ,  
some time on t h e  computer should be made a v a i l a b h  t o , t h e  
Center on t h e  grounds t h a t  t h e  computer is  t o  them v~ha t  a 
l i b r a r y  i s  t o  a Department of English,  
APPOINTIJENT OPPORTUNITIES AND THE DIRECTION OF RESEARCH 
------ -- - 
The Externa l  Advisory Comaittee f e e l s  t h a t  t h e  appointment 
of only two o r  t h r e e  f i r s t  c l a s s  men would t ake  t h e  s t a t u s  
of t h e  Center from very good t o  exce l l en t .  The work of 
t h e  sen io r  s t a f f  was b r i e f l y  personal ly  reviewed with t h e  
Direc tor .  There was sorae f e e l i n g  t h a t  sornev~I~at more coherence 
wi th in  and between t h e  var ious  programs induced without regi- 
mentation, would s t rengthen  t h e  Center f o r  Theore t i ca l  Biology. 

11. ORGANIZATIOM O F  THE CENTER FUR THEOmTICAL BIOLOGY 
e l l i  
A s s i s t a n t  Direc tor :  Robert Rosen 
EXECUTIVE COfJli4ITTEE: Maintains r e l a t i o n s h i p  between var ious  
departments, provides guidance f o r  programs of t h e  Center ,  
and determines budget p o l i c i e s .  
James F. D a n i e l l i  - Chairman 
E r i c  Barnard Fred S n e l l  
Harry T .  Cull inan,  Jr. Robert Spangler 
Seyraour Geisser Dov Tanari  
John S .  Ring David J. Tr igg le  
Daniel islurray So l  Pleller 
Robert Rosen Ta-You l,*?u 
ACADEMIC COPiE4ITTEE: Determines t h e  academic po l i cy  of t h e  
Center ,  academic research  programs, teaching a c t i v i t i e s ,  
and pos tdoctora l  t r a i n i n g .  
James F. D a n i e l l i  - Chairman 
Robert Rosen -- Co-Chairman 
nhe Leib 
I/loises Derechin Robert Rein 
Jon R. Hamann Robert Spangler 
Kwang Jeon David Tr igg le  
V, S .  Vaidhyanathan 
Elected Representat ives:  
Luigi  Bianchi - A s s i s t a n t  Professor  
John Bors t  - Graduate s tuden t  
P e t e r  Eright-  Pos tdoctora l  
Marian play - Secre tary  
Schedules 
serilinars , s p e c i a l  l e c t u r e  series and sy r~pos ia ,  admin i s t e r s  
t h e  l i b r a r y ,  publ i shes  tile a u a r t e r l y  B u l l a t i n  frozn t h e  
Center,  
I<t~tng Jeon - Seminars 
Lu ig i  3 i a n c h i  - Library  
Goreen R i t c h i e  
d a r i a n  i4ay - P u ~ l i c a t i o n s  
Ruth Kuhfahl 
BUDGET CO;@:fI TTEE : iJieets q u a r t e r l y  t o  d i s c u s s  a p p r o p r i a t i o n s  
and expendi tures  of funds provided f o r  t h e  Center ,  
Jaaes F, D a n i e l l i  - Chairman 
Harry C o l l i n s  
Aargaret  Riester 
Robert  Iiosen 
David J. Tr igg le  , 3
GEkJEPSJi; PU:FtPOSGS COiIHITTEE: iieets once a month and i s  
re spons ib le  for a l l  s e r v i c e s ,  supplies- ,  rooms, co~.xplaintr;, etc.  
Barry C o l l i n s  - Chairman 
Kay ;;laher 
~ i a r i a n  ;lay 
guisheb o u t s i d e  c o n s u l t a n t s  who neet once a year a t  t h e  
Center t o  e v a l u a t e  t h e  p o g r e s s  of  t h e  Center and advise on 
f u t u r e  p l a n s ,  
Terrell  L, h i l l  
E rnes t  C, ~ o l l a r d  
Ot to  Schmit t  
itlartynas Ycas 
FROBJ21E11S OF RESEAItCll CO-QiE'fTSZ :: The function of this 
-- 
study group is to consiGer the aspects of biology not 
presently under study in the Center, particularly novel 
aspects, and to i'ilake recocr::sndations as to whether a 
serious researcf~ effort s:zould be zaa3e by the Center in 
suc3 novel areas. This committee is in the process of 
being reorganized, 
James F, Danielli - Chairman 
SU&-CO!Q :ITTEZ 02- :u$3UCAT302J s 
-- 
Jsanes F. iianielli---Cilair-,~an 
Jon E, tiar,lann 
I;, M, Leibovic 
~iobert Rein 
Robert iiosen 

I%%. FACULTY dW3D FZZL3S OF IYTEMST 
Prof essors :  
Thol~as Barclos Cancer chenot2:lerapy 
E r i c  A, 3arnard 
Lyle 930rs.t 
Robert 3 ,  Good 
Joseph G, Hoffraan 
Arnold 14ittelman 
Donald Parsons 
Iictive c e n t e r s  of enzyms ,  
p r o p e r t i e s  of  enzynes i n  
c e l l s  
Physics 
i!!erribrane phenomena , cell 
theory ,  cytoplasmic i n h e r i -  
tance ,  r e l a t i o n a l  biology 
Surface chemistry and physics  
L i n g u i s t i c s  and p o e t i c s  
Q u a n t i t a t i v e  measurement of 
h e a t  r e l eased  by maima1ian 
t i s s u e  cells 
Cancer cheaotherapy 
~,ier~&ranes and su r faces  
David Pressman Biochemistry and immunology 
Robert Rein 2uantca:n chelzistry of organic  
and b io r~~o lecu les  
I rv ing  SharLies Continuuin mechanics 
Fred fnell Transport  and me'rnbrane 
Dov Tamari Algebra; f u r t h e r i n g  rnathe- 
: 'latical thought i n  biology 
Davic2 J. Tr igg le  Theories and neehanisas  of 
drug-receptor i s o l a t i o n  
Ludwig von Ber ta l an f fy  Systems tneory 
C ,  3,  \;addington Deve1op:nental and evolu- 
t iona ry  biology 
S o l  '2, ::?erPler i2eterogeneous and l~ozlo- 
geneous c a t a l y s i s ;  checiical 
r eac t ion  1;inetics 
t larvin Zelen S t a t i s t i c s  
a s s o c i a t e  Professors :  
Robert l ibbott  Surface pnysics;  physi- 
so rp t ion  and chemisorption 
of molecules and inacronole- 
cu les  on s o l i d  s u r f a c e s  
George I?. 31akley P o ~ ~ u l a t i o n  s t u d i e s  
Uavid A, CaCenhead 
P e t e r  Bebborn 
Uorita A. 2'Iorton 
Charles  Paganel li 
Surface chemistry; nono-- 
l a y e r  s t u d i e s  and molecules 
of b i o l o g i c a l  i n t e r e s t  
A n t i - i n f l a m a t o r y  agents ,  
cancer chemotherapy 
Processes of cov~xuni- 
ca t ion  and c o n t r o l  i n  bio- 
l o g i c a l  systems e s p e c i a l l y  
t h e  c e n t r a l  nervous sys ten ,  
Pe r tu rba t ion  theory ,  includ-  
ing  i t s  a g p l i c a t i o n  t o  I-t?ac- 
roao lecu la r  systems 
X-Ray s t u d i e s  i n  s t e r o l s  
Transport  across  b i o l o g i c a l  
nelizbrai~e 
V, 5, Vaidhyanathan S t a t i s t i c a l  mechanics, 
~de'mbrane t r a n s p o r t  i n t e r -  
facial physics ,  r.lathenatica1 
b iophys ica l  chernis t r y  
A s s i s t a n t  Professors  : 
Luigi  ii, 3 i anch i  Cent ra l  nervous sys tez? and 
sensory coz-munication 
2xotein s t r u c t u r e ,  r e l a t i o n  
hetween eon£ i g u r a t i o n  and 
a c t i v i t y  
Jon R. fiamann Re la t iona l  sys  t e x s  
John F. >Toran 
Shinpei Ohki 
Cora G, S a l t a r e l l i  
Cytoloqy and c e l l  physiology 
ZstroL2en recep to r s  
FZecf~anisms of drug aetiors ; 
deuterium i so tope  e f f e c t s  
i n  b i o l o g i c a l  systesns; r e -  
ceptor  i s o l a t i o n  
S t r u c t u r e  and permeabi l i ty  
of merxbranes 
Physiology and g e n e t i c s  
of pathogenic y e a s t s  ; 
biochanis t r y  
Robert A, Spangler I r r e v e r s i b l e  theraodynamics, 
b i o l o g i c a l  t r a n s p o r t  
processes  
Joan Lorch S t a p l e  Nucleo-cytoplasmic r e l a t i o n -  
s h i p s  i zoa and o t h e r  
c e l l s  
V, C, Swamy Pharmacology of ad renerg ic  
r ecep to r s .  
E l e c t r i c a l  p r o p e r t i e s  of 
mem43sanes and organic  s e l a i -  
conductors. 
%search Associates:  
eter B e  Dright  Theore t ica l  foundations of 
t r a n s p o r t  phenoxena f o r  t h e  
stuljy of n e ~ r o n a l  rneidoranes 
Shym S ,  Chat te r j ee  
Xary Daniel  li 
Richard Gordon 
Medicinal organic  chemistry 
Anthropological  studies 
bearing on z a n 8 s  c o n t r o l  
of environment and of h i s  
r e a c t i o n  t o  it. . -  
Form and p a t t e r n  genera t ion  
Cancer research  
Cancer research  
S ,  Re k~iclean i5edicinal organic  c l ~ e r ~ i s  t r y
14, $5, Sheshadri  S t a t i s t i c a l  nechanics 
Frank Tsien ?~Ionorfiolecular f i l m s  
Graduate A s s i s t a n t s  
IIoward Allen 
Zhud Artzy 
3 a r r y  Avner 
Francis  3 e l l i n o  
John Borst 
R .  Cilang 
P h i l i p  Cota 
Richard Dernchak 
J, S . ~ a y a n t h i n a t h a n  
3. Itendall 
Joseph Lliao 
'.?hor:~as Mathieson 
George Pack 
2 e t e r  Bngler 
S ,  Fridjonsson 
J o e l  Pursner 
James Rabinowi t z 
Arthur idedley Robert Bayre 
Kenneth Jacobson EWard Shapiro 
ilrs * 5?u 
Visi t ing3rof  e s s o r s  : 
Action p o t e n t i a l  
IZobuo Fukuda Simulation s tudy of bio- 
me~~&r anes 
Ot to  Rijssler Systeri1 theory and k i n e t i c s  
Consul tants  : 
53, IJ, F, Wilkins 
S t a t i s t i c a l  mechanics 
Jn ter~2olecular  f o r c e s ,  
c e l l - c e l l  i n t e r a c t i o n ,  
q u a n t w ~ ~  and s ta t i s t ica l  
stuGy of DLIA 
P s y c h i a t r i c  s o c i a l  t~orkcr  
e iophys ics  
l3olecular Sialoyy and cell .  
yilys iology 
Zobert Rosen 
Sarsy C o l l i n s  
Dennis DeGxveck 
S h i r l e y  Drescher 
E l i z a  Ferby 
P r i s c i l l a  Ford 
David Garrison 
L e e  Gordon 
Svelyn Hamond 
Ruth Earvey 
Carole Bayden 
N t h  Himiel 
Kviang Jeon 
liuth Rulzfahl 
Thor~~as 14addocks 
d a r i a n  i4ay 
Claude Miller 
Lorraine Powers 
Carol ketzer 
Alice Richards 
Direc tor  
A s s i s t a n t  d i r e c t o r  
Laboratory llianacjer 
Model Builder  
Technician 
A&'ilinistrative A s s i s t a n t  
( t o  k p r i l )  
Technician 
Secre tary ,  
Journal  of Theoretical 
i3iology 
Secre tary  - p a r t  t i n e  
(frorL? Sewternber ) 
Secre tary  
Technician 
Secre tary  
Secre tary  
f n s t r u ~ ~ ~ e n t  iiakex 
(from Apr i l )  
A s s i s t a n t  t o  t h e  Di rec to r ,  
Jri t e r  
Instrument iialrer 
( f roia t;epter.aber) 
Technician 
Secre tary  t o  t h e  Direc tor  
Secre tary  - p a r t  t i m e  
( t o  June) 
Accounts s e c r e t a r y  
Literature searcher 
Eleanor Sat t ler  
Vick ie  Skowronslci 
iisin-yu Wang 
Robert :lacper 
Evelyn ??ood 
Accountant 
A r t i s t  
Study of cell  physiology using t h e  %-;roeha a s  a itrodel 
sys  tea. 
2. FIi4A;JCIAL SUPPORT ; 
iJSG 501 and HGR 33-015-016 fr 
FACULrm ALUD OTHER PARTICIPKJTS : 
I<. $1. Jeon ??orking par ty  chairnan, 
Research Ass i s tan t  Professor ,  
School of Pharmacy (Center f o r  
T'neore-tical 3iolog 
J, F. Danie l l i  P ~ o f e s s o r ,  
School of Phamacy (Center for 
Theoret ical  i3iology) 
I, J. Lorc!~ Research Ass i s tan t  Professor ,  
School of Pharmacy (Center 
Theoret ical  ~ i o l o g y )  
Student pa r t i c ipan t :  Technicians: 
Iloward Allen Lorraine Powers . - ... :. ... 
Eleanor S a t t l e r  
i n t o  t h r ee  rfiajor areas as fo l lov~s:  
A) Assez~bly of v iab le  cells from dissocia ted  cell con- 
ponents: There has been an increas ing i n t e r e s t  on t h e  problexrt 
of exper iaenta l  synthesis of l i v i n g  cells, Bowever, t he  
approacil has been la rge ly  t h e o r e t i c a l  i n  nos t  cases, :Je re- 
a l i z e d  *at the  first step tov~ard aci~ieving such a goal  ri;lould 
be t o  reasseroble a cell from i t s  individual components, and 
that  we already had the necessary techniques available for 
t he  reasser,f~ly of 2.~;-:oeiJa, !c ilave cog?fz.l;@d a ;_3relib.;?inary. 
stucly i n  't?hicil 17e  ridVe Silo.7l.t kbliik a new v iab l e  az:oeLa z.~ay be 
one or ciore other cells, z-nG tae nucleus fro:.t a t h i r d  cell. 
*!e are i n  t i r e  i3rocsss OZ i i 3 0 l w t i i - q  c l e a r  cyto~,Zasraic organ- 
el les  i n  a viaLle s t a t e ,  
&) 
Lecently l t p c  ~ i s c o v e x e ~  t h a t  tile rt::,osla nucleus froit  ,fie 
scrain i ~ a s  a s p c i f i c  a other 
s t r a i n  bae, incl.t;aling t lose of Lifr 'erent  genera ;J"~er-r 
d i n t o  tile l a t t e r .  :!e f u r t h e r  lesrzlc6 t h a t  SUC:~ ail 
effect  is causer;! Dy a d i f f u s i b l e  substance rele&sa(,; fro51 tile 
gr ucleus . "Te nave succcec;e& in : ,art ial  iGen t i f i c a t i on  
of t h ~  iruclear t ox i c  f ac to r ,  and ;lave Leen uain<; tire i s o l a t e d  
factor i n  studies of c e l l u l a r  syn the t i c  a c t i v i t i e s  and cell. 
d iv i s i on ,  Qur r e s u l t s  o!~taiizeJ so  Ear i nd i ca t e  that tile 
factor i s  a i l ig~l  ~aolzcular ~.?eic;iit p ro te in  and :,?e are con--s 
t i n u i n ~ i  i n  ou rrtif y t h e  exact che; ~ i c a l  nature 
tre bel ieve  t h a t  t h i s  l e t h a l  j$~enornznon ;lays an i:cportant 
r o l e  i n  deterri~ining strain or o2ecies s ~ e c i f i c i t y  i n z  gelzezal 
an-rt is  r e l a t e d  . i c ~  cel l  v a r i a t i o n  and ciifferer-ztiati 
C) Continued s tud i e s  on t h e  r o l e s  oZ nucleus ana eyto- 
plasm i n  deterniininy c e l l  eharae-kers i n  arnoebae: -!e f~ave 
continued our  studf e s  012 *the mechanisms f o r  ;?i-kenoty;sic changes 
$hat occur aiilons our  swains of ar-ioebae i r r  continuous culture, 
The cnaracters k3e used as gene t i c  ~ ~ i l r k e r s  a r e  tl-re response of 
a~oebae to anti-amoeba sermrt and rate of aktackment to the 
sub st rat an^, He have nts using the 
techniques of nuclear transplantation and cytoplasnic injection, 
that the characters of fast attaching and negative response to 
anti-amoeba serum are dominant over those of slow attaching 
and positive response respective so learned that 
these dominant characters can be conferred to other cells 
under the influence of both cell nucleus toplasm, :%en 
such a cha con£ er y the nucl 
that change was permanent, while any chan ced. by the 
cytoplasmic influence was t 
strain compatibility were also studied. 
D) Studies on hexosanine metabolis!a in amoebae: '~?ith 
a continued parti rt fron the Center, H. 911en 
has studied the hexosamine metabolisr:? with special reference 
to the cell surface. Coth glucosam galactosamine were 
present, a 
components of the cell surface rather than acidic mucopolysac- 
and convert it to expected intermediat he results sug- 
gested that a glycoprotei-n surface precursor pool sufficient 
to synthesize a complete surface is present with about 30% 
of the cellular hexosamine bound to non-surface glycoproteins, 
K. 1:- Jeon (1969) 'lauclear-cytoplasmic relations in lethal 
amoeba hybrids, Exptl. Cell Reso - 55, 77, 
I. J. Lorch and I<. M. Jeon (1969) Reversible effect of 
actinomycin Dc on nucleoli of A. discoides, 
Nature - 221, 1073 
X ,  J, Larch (1963) 'L'f-ie rats 0% at%ach:?errt of ~zloel=r.aa to 
the substratum, J, Cell Pkysio3Le - 7 3 ,  3-71. 
K O  W, Jeon and I, rch (1969) Lethal effect of heterolsgous 
nuclei in a~oeba heterokaryons, Expt, Cell Res. - 5 g p  233 
I<, W, Jeon and I. J, Lorch (1969) Strain-specific mitotic 
inhibitor produced by free-living amoebae, J. Cell Biol. 
43, 6Oa. 
- 
K .  5'1. Jeon (l 969) Short-tern preservation of viable a~oeba 
nuclei in vitro, J, Cell Biol. - 43, 60a 
I, J. Lorch (1969) A comparison of movement of amoebae 
enucleated at different stages of their life cycle, 
J. Cell Biol. - 43, 82a. 
I. J. Lorch and R .  V. J Character chanqes induced 
by heterologous nuclei in &oeba heterokaryons , Exptl . 
Cell Res. - 57.
R. 67, Jeon and I. J. Lorch (in press) strain-specific mitotic 
inhibition in large mononucleate amoebae, J. Cell, 
Physiol, 
6, PAPERS AND SELTINARS PRESEIJTEI): L4EETIMGS ATTENDED 
July 13-August 15, Sunme uium on Theoretical Biology, 
Fort Collins, Colorado (K. Jeon) 
November 2-4 Symposium of the International Society for 
Cell Biology (#, Jeon and I. J, Lorch) 
Movember 6-8 a1 Keeting of the American Society for 
Cell Biologyp Detroit, Flichigan (I<. Jeon and I. 3 -  Lorch) 
of !:k?odern Biology the Deparment of Biology. 
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!I CWRICItSG PARTY 
EFINITION OF FIELD OF 
ory of information processing in the nervous system, 
06682 to K,N. Leibovic and Robert A. Spangler 
R 33-015-016. 
3, FACULTY AND OTHER PARTICIPANTS: 
::?orking Party Chairman, 
~ssociate Professor, 
School of p!!edicine (Biophysical 
Sciences) 
Eric BaLsle ins Assoc I 
ty of $Tatural Science and 
?lathematics (Mathenatics) 
Elaine Mull 
ert A, Spangler 
During the 1 the 
investigated: 
- 
I- Begchop sua holds : 
The square r aw as s the Webe law 
can be deduced 
glion cell firing to quant ina , 
quantum: spike ratio and mean interval between ganglion cell 
spikes, This work i nsio rno f 
Barlow4s work on the same subject (Barlow 1965 
with our work on cell responses and actions in the 
ina, we are a to defin con of dif- 
ferent cell types to the psychophysical th a. 
11. Binocular Space Perceptio 
psych o p h literature on this 
topic (Ogle, 196 is Luneberg's phenomenological 
h developments by Blank (Hardy 
et ax, 1953). This theory is capable of integrating a number 
of exper gh some discrepancies do exist. 
experimental work to test various psychophysical 
proposi d out by Foley (1968, 1969) , 
Gogel (1963) and Shipley and Williams (1968) among others. 
wever, which pr neur s 
t specific neurons in the visual 
puts from specific pairs of 
r o eyes. Our theoretical con- 
siderations have led us to %he view, sual 
the ity of grou 
not of single cell t he perception 
of a ~ n e  arises 
-25- 
from the activity of specific groups of neurons in the 
brain. But, if this is the case, then it should be 
possible to predict how the objective counterpart of a 
subjective pattern will change with a change in the point 
of fixation, For the same set sf cortical neurons which 
signals, say a circle, must then be activated by the same 
retinal areas for different fixation.points, We have 
carried out calculations for Hillebrand hyperbolae and for 
circles centered subjectively in the observor (approximated 
by Vieth-;filler circles) and have found good agreement with 
our theory. Noreover, the mapping of equivalent configur- 
ations in our theory can be shown to be equivalent to the 
iseikoni ons used by Blank (Hardy et al, 1953) 
which are known to be in good agreement with a number of 
experimental data. However, calculations ba he 
ted, do not agree with the data on the 
-parallel planes. This indicates that 
the correspondence between geometric pattern and neural 
restricted class of patterns, This class may have a special 
significance for a perceptual co-ordinate syste-a; and the 
problems are presently under investigation. 
Accounts of our work to date are in preparation 
(Leibovic et al, 9970; Balslev and Leibovic, 1370).  his 
work on space perception supplements our previous work on 
size perception based on geometric probability (~eibovic, 
1966; Leibovic, 1967) a Some further extensions of the latter 
are also under review at present. 
III, Single Cell Response: 
7Je have investigated subthreshold oscillations in 
active membranes (Sabah and Leibovie 1969). This is of some 
importance in the interpretation of physiological recordings. 
In our paper, the classical cable equation, in which mem- 
brane conductance is considered constant, Is nodified by 
including the linearized effect of membrane potential on 
sodium and potassium ionic currents, as formulated in the 
Hodgkin-Huxley equations f id giant axon. The 
resulting partial differential equation is solved by numer- 
ical inversion of the Laplace transform of the voltage 
response to current and voltage inputs, The voltage re- 
sponse is computed for voltage step, current step and 
ct of temperature on the 
response to a current step input is also calculated, 
The validity of the linearized approximation is 
examined by comparing the linearized response to a current 
step input with the solution of the nonlinear partial dif- 
step inputs. 
All the cornputed responses for the squid giant axon show 
oscillatory behavior and depart significantly from what is 
predicted on the basis of the classical cable equation. The 
linearization procedure, coupled with numerical inversion of 
the Laplace transform, proves to be a convenient approach 
which predicts at least qualitatively the subLhreshold 
behavior of the non-linear system. 
XV, General Frincik9les : 
Our understanding of single cell responses and inter- 
actions in small groups of cells is greatly enhanced through 
the perspective gained from a study of general principles 
of structure and function in the nervous system. We have 
considered several topics in this context: the interplay of 
randomness and design,the significance of the information 
encoded in single cells and groups of cells and the sig- 
nificance of different stages of information processing in 
the nervous system. Our results imply that the principles 
of communication in the nervous system must be quite dif- 
ferent from those in man-made systems. A paper on this 
subject is under preparation, 
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5 .  PAPERS AND SEMINARS PRESENTED: ?4EETINGS ATTENDED 
K. N. Leibovic, paper on "Present Emphasis in Research on 
Information Processsing in the Nervous System" presented 
at Conference on Inf orhation and - Control- --- process .--- 
in Livinq Systems, Pacific Palisades, ~alifornia, 
February, 1969, 
He Ha Sabah and M. N, Leibovic, paper on "A Consideration 
of Nerve Signalsv presented at 13th Biophysical Society 
Meeting, Los Angeles, California, February, 3.969 
E. Hull, paper on "The effects of septa1 and hippocampal 
lesions in active avoidance acquisition in the gu 
pig'"o-authored with Bradley Eown and Leonard Ir 
presented at the Eastern - Psychological Association 
Pleeting, April, 1969 
K. M. Leibovic presented a seminar "On Functional Significance 
of the Convergence and Divergence of Fibers in the 
Nervous Systena, in the Biomathenatics Lecture Series, 
Univer'sity of California, San Francisco, Cali.fornia, 
May, 1969, 
E. Balslev presented a seminar on "!lathematical Theory 
of Space Perception" in the Biomathematics Lecture 
Series, University of California, San Francisco, 
May, 1969 
2 ,  Balslev presented a seminar on i2@inocular Space Perceptione' 
to the- university of - 
California, Berkeley, .lay-June, 1969 
K. W. Leibovic presented a lecture course on "Theoretical 
aspects of Nervous System Function and Orsanization" 
to- the Division of ~&diical Physics, ~nivegsit~ of
California at Berkeley, May-June, 1969 
E, Hull attended 
Vision. Rochester, N.Y., June, l969., 
N, K. Sabah attended the Conference on Systems Analysis 
Approach to Neurophysiological Problems, - Brainard 
Minnesota, June, 1969, 
K. N. Leibovic presented a seminar "On the Information 
Contained in the Activity of Single Cells and Groups 
of Cells in the Nervous System",-at the Theoretical 
Biology Summer Colloquium, Fort Collins, Colorado 
August, 1969 
E. Balslev, T. Matheison and V. S. ~ayanthinathan attended 
the Theoretical Biology Surmner Colloquium, Fort 
Collins, Colorado, August, 1969. 
K. N. Leibovic paper on "Convergence and Divergence of Fibers 
in the Nervous System" presented at 3rd International 
Biophysics Congress, Cambridge, Massachusetts, 
September, 1969 
E. Balslev attended the 3rd International Biophysics Congress 
at Cambridge, Massachusetts, September, 1969 
8, OTHER ACTIVITIES: 
of California at Berkeley, May-June, 1969 
K. N. Leibovic was a faculty member at the Theoretical 
Biology Summer Colloquium, Fort Collins, Colorado, August, 1969. 
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STATISTICAL 2CECIE9NICS IM BIOPHYSICAL SYSTEMS 
1. DEFI'ltJITION OF FLELD OF INTEREST: 
The field of interest of members of this working party 
may be broadly defined as the application of statistical 
mechanics, therm~dyn~~ics and irreversible thermodynamics to 
biological problems, Individual members' interests are 
broad and diversified, ranging from lipid film stability to 
the investigation of fundamental problems in statistical 
mechanics. 
2. FINANCIAL SUPPORT: 
In addition to support from Center funds, a grant 
from Life Insurance Eledical Research Fund was utilized, 
#G-68-16, 
NASA-MGR 33-015-816 
Graduate School Grant #50-8694 
3 , FACULTY OTHER -- ------- PARTXCIPANTS: 
Peter Bright Research Instructor, 
School. of Medicine (~iophysical 
Sciences) 
Shin~ei Ohki Assistant Professor, 
. 
School of Pharnacy (~harmaceutics) 
i4, $5, Seshadri Research Associate, 
Center for Theoretical Biology 
Robert Spanqler Assistant Professor 
Schssl sf L~Qedicine (Biophysical 
Sciences) 
Fred Snell Professor. 
School of Lledicine (Biophysical 
Sciences) 
Consultants: 
Dr, Franco Conti Consiglio Nazionale delle 
Richerche, Genova, Italy 
Dr, Narendxa Goel University of Rochester, 
Rochester, N.Y, 
Or, Ruth S .  Rranow Research Institute for Advanced 
tu imore, Maryland 
S Participant 
V, Jayanthinatha 
Joseph Miao 
V, Renugopalakrishnan 
Robert Sayre 
kfrs. K, V7. Yuan I t s  
It is difficult, if not impossible, to describe in the 
short space given, the research programs carried out by 
this group, except to state simply that all problems of 
interest in membrane and transport phenomena are being 
studied by individual meinbers of the group. The programs 
detailed below are only representative and not exhaustive 
d out by v 
vour has been directed during last 
year along the following four lines of investigation. 
Two of the outstanding questions regarding physiological 
rneinbranes yet to be answered satisfactorily theoretically 
are why the bilayer structure is alrnost universal and why the 
0 
mee&ranes are more or less of similar thickness ( 4 0  to 103 A). 
Lipids obtained from biological sources have been utilized 
to obtain thin film artEiei?.lly which is stable in aqueous 
electolyte solutions. These rese~~ble physiological rflesnl~ranes 
satisfactorily. ize have heen concermglwith the theory of 
stability of such thin lipid films in aqueous nedia, The 
electrostatic energy of interactions of charged species 
of aqueous media across the lipid film which contributes 
to stability has been studied in detail in collaboration 
with Narendra Goel, These aspects which are of significance 
in physiological systems have been published (Yo Theoret, 
Biol., 21, 331-3187! 1S68), Additional ~Torli to include 
noncoulombic energy of interactions is in progr 
The electrical conductance problem of ion transport 
across membranes has been our second Line of approach, 
Initial results explaining the observed presence of a mini- 
xnuEt in conductance as function of pH in soGium chloride 
system and its absence in calcium chloride system were pre- 
sented in an invited talk during the symposium on Biophysical 
Aspects of Permeability (Israel Biophysical Society, Jeru- 
lished (J. Theoret, Biologyp - 23, 232-250 1969). 
Our desire has been to forrn~llate the conductance and 
related potential problems at the molecular level and with 
this objective be have attempted to generalize the theoretical 
technique of Onsager and Fuoss to be applicable for ion 
transport across menbrane systems containing fixed charges, 
The potential of component mean force has been obtained so 
far and this aspect has been the subject of a manuscript 
-34- 
whish i s  un6er cons idera t ion  f o r  publ ica t ion .  
Metabolic r e a c t i o n s  have long been suspected to  
inf luence  t h e  f l u x  of spec ies  ac ross  b i o l o g i c a l  me&uanes 
and. a c t i v e  t r anspor t .  Blurnenthal and Ratchalsky (Biochirnica 
e t  Bfophysiea Acta, 173, 357, 1969) have r e c e n t l y  considered 
-
a n  i n t e r e s t i n g  bu t  sirfiplified model f o r  f a c i l i t a t e d  t r a n s -  
por t .  They consider  t h e  e f f e c t  of an as soc ia t ion-d i s soc ia t ion  
r e a c t i o n  with a carrier on t h e  f l u x  of a none lec t ro ly te  a c r o s s  
t h e  membrane, Their  approach has been genera l ized  by u s  
t o  inc lude  coupling of f l u x e s  of d i f f e r e n t  spec ies  and 
analyze t h e  e f f e c t s  of perneant  flows on complex formation 
r e a c t i o n  rate. This  work has  been accepted f o r  pub l i ca t ion .  
(Biochimica and Biophysics A c t a . )  Fur ther  work on t h i s  
complicated problem i s  i n  progress  i n  o rde r  t o  t a k e  i n t o  
t h e  concent ra t ion  dependence of m o b i l i t i e s  i n  t h e  
membrane system. 
The electrical c h a r a c t e r i s t i c s  near r e s t i n g  s t a t e  of 
nerve membranes has been t h e  s u b j e c t  of experimental  
Physics,University of Genoa, I t a l y .  V i s i t s  w e r e  exchanged 
between D r ,  Conti  and D r .  Vaidhyanathan, 
5. PUBLICATIONS : 
V, S, Vaidhyanathan, Conductance Eehavior of Z l e c t r o l y t e  
Transport  Across Bimolecular Lipid Films, J. Theor, 
Biol., - 23, 232 ( 1 9 6 9 )  
6 .  PAPERS AN3 SEIvlINAWS PRESENTED : MEETINGS ATTE2JDED: 
V. 5, Vahdhyaman  presented a d i scuss ion  on "Structure of 
Elemk,ranesS ', Flew Uor?e. Eeart Associat ion 
V. S, Vaidhyanathan attended the following meetings: 
Sanibel Island Conference on Quantum Biology, 1/69 
Biophysical Society tileekings, Los Angeles, 2/69 
Lecture at University of Genoa, Genoa, Italy 6/69 
Lecture at St. Joseph:s College, Trichinopoly, India, 4/69 
Five lectures at Institut;~ of Physics, University of 
Genoa, Italy 7/69 
Talk presented on "The Uncertainty Principle in Membrane 
Structure" at Biochemistry Club meeting 12/69 
Lecture presented at Institute of Elathematical Sciences, 
E~iadras, India, 12/69 
7 .  CONTRIBUTION TO UNIVERSITY TEACHING: 
V. S ,  Vaidhyanathan taught: 
Thermodynamics of Irreversible Process, ~iophysics, 
spring, 1969 
Coordinated Seminars, fall, l.969, Biophysics Department 
Selected topics in Pharmaceutics Department, 

6?3RKING PARTY REPORT ON 
This working party is c hi 1 
f bundations , f applied s 
the biolo ems. 
2. FINANCIAL SUPP0R.T 
NASA Grant 
N I H  Grant GP116603 
3. FACULTY AND OTHER PA 
Jon Ray Hamkrin Marking Party Chairman, 
Assistant Professor, . . -  . . -. 
Faculty oE Natural Sciences and 
Mathi: fB%,pphysical Sciences) 
Luigi M. Bianchi istant Professor, 
ulty of Natural Sciences and 
ath (Biophysical Sciences) 
junct Lecturer, 
ram in Rmeri 
Mac Kammond Professor, 
Faculty of Arts and Letters 
Martin Kriegel N. Whitehead Fellow 
can Studies 
Erwin M. Segal Associate Professor, 
Consultants: ith, York University 
C. A. Hilgartner, Rochester, NoY* 
Student Participant: Ri d Da i 
A brief summary of the progress of this working party 
is presented below. It is divided into two carefully related 
categories including the philosophical fou 
elat ism) and the development of relational 
sid f f ort has 
spent during this year and will con ing year, 
to critically (re-) define .and ate rious sub- 
group interests in this working party and to evaluate their 
relevance to the overa e Center for 
Ramann and L, 29. Bianchi have prepared a brief 
y review of Relationalisrn ttqgegher with an dr111uLa- 
. . Z.." # 
ted bibliography of some explicit and implicit literature on 
Rc:lational Systems Formalisms, especially in the ~atural 
Sciences 
have initiated a Program in Na 
special study in Relationalism. 
Bianchi have developed a R e l a -  
cho1ogy;i.n particular, the aspects 
m have been outline 
11. Relational Systems Forrnalis~ns 
As a study on the bio-psychological foundations of 
inference, L. M. Bianchi and 3.  R. Hamann have formally 
characterized $herproblem of conservatism in subjective prob- 
ability estimation. 
On the Natural Sys.t:ems Sciences, physics, chemistry and 
biology, considerable work has been completed by this 
. 
working party. In physics, in particular, three problems 
have been investigated, J. R. Hamann and L. E%. Bianchi have 
elucidated the relations among prior probabilistic decisions, 
the path probability method, optimal entropy inference, and 
statistical mechanics, L. N. Bianchi and J, 33. Hamann have 
initiated the construction of a general formalism for classical 
temporal eelationax. systems. Finally, J. R. Hamann has 
developed a unified (relational) probabilistic foundation 
underlying both the equilibrium and nonequilibrium aspects 
of the phenomenological level of the theory of quantum fluids. 
The relevance of- this work to the study of biological order 
and superconductivity in biosystems is now being explicated. 
In chemistry, R, Danielli has been involved in a study of 
the temporal organization of molecules and an algebraic 
analysis of the periodic table. In the study of biosysterns 
Bianchi and J. R, Hamann have laid the relational basis for 
hierarchical theory of biosystems. L. M. Bianchi and J, R. 
Hamann have also applied the relational formalism to multi- 
component biosystems, specifically denonstrating the inter- 
relation between statistico-mechanical, and stochastic theories 
or models. J. R ,  Hamann and L. M e  Bianchi have given a 
hierarchical explication of the relational nature of irrevers- 
ibility, L. P4. Bianchi and J. R. Hamann have studied the 
-40- 
evolutionary origin of life in terns of considerations of 
necessary and (possibly) sufficient conditions as we11 as 
a model for their realization, Finally, J, R. Wamann and 
L. M. Biancki in the study of symbolic relational systems, 
have developed a multilevel approach to the central nervous 
system. 
In the Anthroposystems Sciences, psyckdPogica&,anthropo- 
logical and sociologicai studies have been performed, J. R. 
Hamann has investigated the biopsychological meaning of 
hierarchical control and continuability in a study of the 
foundations of psychosystems theories. M. Danielli has 
studied the geomantic function of the tombs in Imerina, 
Hadagascar, and the relational nature of ritual. J. R. 
Hamann has analyzed the foundations of democratic decision- 
making as the first of a series of studies on socio- 
political systems. 
n the Humanities, J. R,  Hamann and L. M, Bianchi have 
developed a (relational) hierarchical theory of language. 
a Symbolic Relational System have been analyzed by J.Re 
J;3, Harnann and L. M. Bianchi, "A Note on the Relations 
among Prior Probabilitstic Decisions, the path 
Probability Method, Optimal Entropy Inference, and 
ibticaf. Nechanics" , Progr, Theor. .PI?ys,.: 42,. 982 (1969) 
- 
6 .  PAPERS AMD SEI?II?JARS PRESENTED : IqEZTINGS ATTENDED 
L.M, Bianchi 2nd J. R. Saaann paper on "Rela t ional  
:dierarclxi.es i n  s iosvsters  2'lieories"  resented a t  .. 
t h e  Syrqposiulri on S;atkienatical '2izeories i n  t h e  L i f e  
Sciences,  Xingston, Ontar io,  June,  1359 
E,  A, It3iancili paoers presen-ted a t  t h e  follocriny nneetings: i. 
The 3 i o p h y s ~ c a l  Socie ty  Annual i leeting, Los:..Ar;geles, 
- , . ~ a r ~ ~ ~  * 0 ' 5% Sy:~@os~ufi &fiu$8ther;katical Theories i n  t h e  L i f e  Sciences,  
Xingston, Ontar io,  June,  1569 
and a t tenued 
Conference on Forwaal "I'lleories of i n f  omat ion ,  3uf f  a l o ,  
- "  
w - Y , ,  June, 1959; 
Zieeting of t h e  Socte ty  f o r  I\Satilral Philosophyp Ann 
Arbor, ilichigan , doveraber, 196 3 
L, pi. s i a n c h i ,  J , R ,  iIarnaiin and 2. D a n i e l l i  p a r t i c i p a t e d  i n  . 
t h e  Sw~rner Colloqui.cli.~ i n  Tireoretical  B i o l o ~ y  , F o r t  
Co l l ins ,  Colorado, August 1969, 
A s  p a r t  of t h e  con t r ibu t ion  of members of t h i s  
:?orking Par ty  t o  Universi ty  teaca ing ,  tile following 
educat ional  problems have generated a foundation f o r  gen- 
e r a l  r e l a t i o n a l  syn thes i s  . They have a l s o  developed 
s p e c i f i c  ~ ~ e t h o d o l o g y  f o r  r e l a t i o n a l  teaching,  and have 
organized a Unive2sity-wide sechanisrn for independent 
s tudy,  3 .  2, Hamann and L, ;;I. Zianchi have s tud ied  t h e  
o l u t i o n  of meaning v i a  symbol-to-syrribol r e l a t i o n s  as 
educat ional  experiment, They have founded a P e r i p a t e t i c  
College as a new and c o n t r a s t i n g  approach t o  higher  educa- 
t i o n .  
L, ;I. Bianchi - FS 119 "Exper ient ia l  Approaches t o  Science.  
- COE 4 0 5 ,  .'The Divided idan' 
L.T~!!. Bianchi an& J . R .  fIaz~anri' -. &IS19 47tT, "Natural  Science 
and Mathematics 
2 4 ,  ~ a n i e l l i - C o - m u n i c a t i o n s  Col lege (with  J,F, D a n i e l l i )  , 
"'Future of ~ ian ' : .  
i5, ~ a n i e f  li - Co3munications Col lege,  '.The ;4anclala, 
Madagascar altd ilodern T i a e s  " , 
J. R, Barnann - FS 141, *'Science: Order and  iso order" 
-- COE 101, -Sy.rnbolic E'orrr~ - L i n g u i s t i c s "  
2'lac :iamrnond - COE 101 Symbolic Form - L i n g u i s t i c s ,  
E ,  i:. Segal  - COE 101 ,  Symbolic Form-Linguistics. 
6, 
- 
TIISCXLLPLVEOUS ACTIVITIES : 
il. ~ a n i e l l i ,  -'The Quest:.  , a p o e t i c  t r i o l o g u e  (igitre P r e s s ,  
London, 1969 
G PARTY ON 
IOLO 
1. DEFINITION OF FIELD OF INTEREST: 
The major problems of the workin 
1. To characterize the functional organization of 
biological systems, with particular reference to their regu- 
1 aspects. 
2. To relate the functional organization of biological 
ir structure. 
tegrate the functional organization of biologi- 
cal systems at their several different levels of organization. 
4. To develop, where necessary, the rnathernatical tools 
necessary for the investigation of the biological problems; 
these have included variational meth0d.s (for optimal stnt~tuPe 
rols), stability theory, theory of categories, 
theory of automata. 
15-016. VJe 
y to NIH and 
in Biological Systemsp is in the 
process of prep 
3 .  FACULTY F;?D OTHER PARTICIPANTS: 
gobert Rosen Chairman, 
sistant Director, Center for 
T!~coretical BioLogy , 
Departnents of ;lathematics and 
i3iophysics 
George Zlak ley  Assoc ia te  P ro fes so r  
Science rand 
h e n a t i c s )  
S c h s ~ l  ~f Bhamacy ( Center for 
~ h G o r e t i c a 1  E i o l  ogy) 
gi 
Center for T h e o r e t i c a l  Biology 
Facul ty  of Engineer ing and 
John ~ i y n i l l  Professor 
Facul ty  of ?4atural  and 
i ' ra thesat ics  (;.:athfiellzatics) 
Otto 26sr;ler 
many 
Consul tan ts  : 
Professor, 
a c u l t y  of ~ n y i n e e r i n g  and 
Applied Sciences  
Ecicnc 
MarCynqs .Yeas 
Upstate S'ledical Cent 
n 3yracuser Q f .  ')I. 
f n  addition, w e  labora-  
l a n f f y  and D 
when appro 
4, RESEAR 
a, In addition to the ongoing wor d in previous 
issues of the Annual Report, we have begun a study of self- 
organization and self-assexCbly as it nanifests itself at a 
number of different biological (an4 physical) . There 
are numerous discussions of self-organization in the ."eyer-- 
ature, particular1 
and the organization of the central nervous system. This 
material is pria~arily of a philosophical nature. There are, 
however, three con 
behavior which may 
suEficiently well characterized so that a detailed study of 
each may be made, ow light on the general 
problem of self-or 
1. de chairss,, 
2. ve virus from subunits. 
3 ,  ',Sorting out" of mixed populations of erhryonic cells. 
Each of these uatioi~s shares the follov~7inc~ yroperties: 
boring configuations can be explored; (2) there is at hand a 
measure of "energy" or '.free energygi, which deteraines the 
relative favorabili-ky of particular configurations, For a 
variety ofreasons we have been specially concerned with sort-. 
ing out, with particular eye toward deter~~injrmg the role 
played by this process in natural xorphogenesis, Our 
progress has been encouraging; we hope to combine this work 
with other rnorphogenetic mechanisms to get insight into the 
dynamical aspects of the development process, one of the 
most important (an i ~ -  
ical processe 
To explore the morphogenetic capabilities of self-assem- 
stems, we have studied a somewhat simpligied two- 
nal model, which will be described in the next 
section, Our objectives have Seen: (a) to determine what 
configurations of cells actually minimize the surface free 
energy for a particular chaise of adhesive interactions and 
motility rules, and (b) to determine whether histologically 
interesting configurations can be achieved and/or maintained 
with an appropriate choice of cell interactions and motility; 
and if so, to specify the limits within which such a choice 
is possible, For this latter purpose, both positive and 
negative results are of interest; if a histological structure 
can be achieved using only these minimal postulates of 
differential adhesiveness and motility, then it becomes 
plausible that only these postulated factors are operative 
in producing the structure. On the other hand, if such a 
indicate that other morphogenetic factors must be involved; 
e.g. directional anisotropy of c sions, cell inter- 
elaboration of extra cellular matrices, differential cell 
multi~lication and death, changes of cell properties in 
time, etc, En addition, we have found that the study of 
such a simplified model system is a great aid in clarifying 
and sharpening thinking in this field. In general, the 
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protskype for a l l  dynalnical d i scuss ions  is  i n  t h e  f a m i l i a r  
d e s c r i p t i o n  of t he  6.ynai~~irss of t h e  system of Mervtonian parti- 
c l e s ,  an3 a l l  d i scuss ions  of d y n a i ~ i c a l  a c t i v i t y  of systei-!IS 
of whatever kine,  are pat te rned  on t h i s  raodel. It w i l l  be 
h e l p f u l  t o  see how our  s tudy of self-assembly fol lows t h i s  
p a t t e r n ,  
The d i scuss ion  of B y n a ~ i c s  r e so lves  i t s e l f  i n t o  two 
p a r t s .  F i r s t  of a l l ,  t o  agpropr ia t e ly  desc r ibe  what, we s h a l l  
mean by an iristantaneous s t a t e  of t h e  systent of which we a r e  
ixitereste(2, ant3 second, t o  d e s c r i b s  t h e  lnanner i n  'cnlllich t h e  
s t a t e s  change i n  t i m e  as a func t ion  of t h e  f o r c e s  o r  stresses 
appl ied  t o  the  sys ten ,  I n  iiewtonian raechanics, t h e  ins tan -  
taneous states are s p e c i f i e d  3y giving  t h r e e  coe rd ina tes  of 
p o s i t i o n  and three coord ina tes .o f  momentum t o  each p a r t i c l e  
of the sys ten ,  I n  mechanics, t h i s  in fo rna t ion  i s  s u i t a b l e  
t o  enable  us  t o  compute any o the r  attribute of t h e  s t a t e  
i n  ques t ion ,  such a s  i t s  energyp etc. Kinet ic  proble~ns a r e  
altaclced hy wr i t ing  down t h e  so-cal led equat ions of motion 
a c t i n g  on t h e  sys ten ,  En o rde r  t o  o b t a i n  k i n e t i c  informatian 
it i s  necessary t o  i n t e g r a t e  t h e  equat ions of motion and t o  
s p e c i f y  an i n i t i a l  s t a t e .  Each poss ib le  i n i t i a l  s t a t e  then  
~lekermines a t r a j e c t o r y  i n  the space oZ states, a curve 
which desc r ibes  .t;Z?.z evolwtion of .the syste1,m i n  t i m e ,  It 
should he noted t h a t  t he  equat ions of motion are pure ly  
l o c a l  d e s c r i p t i o n s ,  which t e l l  u s  how we can xove a given 
-48- 
initial state to an infinitely neighboring state in an 
infinitesimal tir~e interval, and that full trajectories are 
obtained by piecing together a11 these little local pieces, 
l?e are mainly interested in the stability properties of 
such systems. The ecjuations of motion contour the space 
of states into stable and unstable regions, The stable 
points or equilibrium points in the simplest case set at the 
bottoir~ of rfiore or less deep valleys or wells, while the un- 
stable points are at the tops of hills or on the sides. 
In general, if we start a system out in any initial 
state, the trajectory of the system in the phase space 
will approach the nearest available stable region and ultim- 
ately stop there at the bottom of the well. In many 
inportant cases, it is possible to follow the evolution of 
these system trajectories by means of a numerically valued 
function on the space of states which achieves its ~fiiniau2-t 
value at the botton of the wells I have described. In physics, 
such a function plays the role of a potential, or a free 
sesses one. 
Self-assembly is a dynan~ical process and thus is amenable 
to the kind of analysis we have just described. As we have 
noted, it is necessary first to decide what shall conskitute 
a description of the instantaneous state of a population of 
basic units and then to describe how such a system can change 
state as a response to the stresses or forces imposed on 
the system. The idealize6 populatiolls we shall consider are 
tv?o-dimensional square arrays or tesselations. For simli- 
city, we suppose that there are only two types of units or 
cells, which we can call black, denoted by b, and white, 
denoted by w. Our population consists of a fixed number 
of black cells and white cells, and we suppose that this 
number does not change in time. A specification of the 
state of such an array consists merely in stating whether a 
black cell or a white cell occupies an available square in 
the tesselation. Hence, if we number the available squares 
serially, an instantaneous state will consist of a linear 
sequence of bss and wqs, assigning a color to each availabkg 
We noted. that the equations of motion tell us how to 
go from a given instantaneous state to a neighboring in- 
stantaneous state. In physics, the states axe specified 
nuaexically, so that it is obvious what a neighboring state 
should be, In our cell system, however, we must specify what 
the neighboring states are, One way of doing this is as 
shall say that the pattern P is an imaediate neighbor of Po, 
if P can be obtained from Po by exchanging any or all of the 
white squares with one of their nearest neighhor black 
squares. f e  must now specify the forces or stresses acting 
on the system and see how these determine its kinetics. We 
do this in terns of adhesive properties of our idealized cells. 
Let us note that there are f i v e  different kinds of edges 
that can occur in our system; a black cell may abut with 
another black cell on any side, or with a white, or with 
the enviroament, which is tesselation, 
Likewise, a white cell may abut with anothe~ white cell, a 
black cell, or with the environment. These kinds of edges 
may be denoted by bb, ww, bw, bw, we, 
Let us associate definite numerical values with each 
of these edges, which represent a kind of bond energy.. Given 
a pattern or state P, we can count the number of edges of 
each type in the pattern, inultiply it by the numerical value 
of each type and add up all the resulting numbers, This 
gives a number denoted by E(P), which i s  a measure of the 
total energy of the state or pattern in question, 
The equations of motion of the system are given im- 
plicitly by specifying an initial state Po and requiring the 
system to move sequentially fron Po to the neighboring state 
P1 of smallest E-value, from PI to the neighboring state P2 
of smallest E-value, etc. Thus, E plays the role of a po- 
tential, and such a systern will ultimately arrive at the 
which depend on the stability properties of the underlying, 
system. For instance, we can derive necessary and sufficient 
conditions which assure the existence of an unique state P 
to which the systex will tend, whatever the initial state. 
The space of states in this case will be so contoured as to 
consist of only one well, with a unique state P at the 
bottom,and all other states at the sides. If these condiitions 
are not satisfied, then the space of states is contoured 
inko two or nore nails, separates3 by unstai~le ridges. 
fJhat do such results mean for cell sorting? In the 
former case, no matter what the initial pattern or config- 
uration, the end point is the same. Knowing that this is 
the case, we can determine the end point by choosing any 
convenient initial configuration. Hence, the information 
obtained from a randomized cell population is the same, in 
this case as from any other cell configuration; for instance, 
from the intack ernbryo. In this case, and only in this 
case, cell sorting experiments give full information about 
real n-iorphogenesis. 
In all other cases, the choice of initial state is 
decisive. It many happen that the randomized population tends 
to the same final state as the configuration in the intact 
entbryo, but this must be proved, Moreover, it will be 
possible to find initial configurations which do not tend to 
this final state, and in our metaphorical system at least, 
such initial states can be specifie3 in detail. And there 
go either way. This type of picture is closely related to 
the " epigenetic landscape" of Uaddington, 
r'loreover, w e  can supplement our model in various ways, 
to discuss in detail the norphogenetic effects of other 
processes on cell sorting. For instance, we can increase 
the number of types of cells. We can arrange the cells on 
three-dinensionax tesselations, in order to discuss the 
morphogenesis of such structures as tubules. We can intro- 
duce the effect of differential cell multiplication and 
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differeri&al cell death, %?e can make the adhesive strengths 
(which we assumed constant) functions of tine. 
We can ask what algorithm using these various mechan- 
isms are required in order to generate actual histological 
structures. Lt is already clear from preliminary work that 
the same structures can be generated in a variety of dif- 
ferent ways, Having insight into the ways in which it is 
possible to generate particular structures, we can in 
individual cases design experiments to indicate the actual 
mechanism of morphogenesis in real differentiating systems. 
Our work in this area is just beginnings but it is already 
clear that a wide variety of useful insights can be obtained 
by a systematic development of this type of approach. 
R. Rosen 
B e  1. It has been assumed that cell motility and selective 
adhesion are sufficient mechanisms to allow cells to sort 
into distinct and separate tissues* We programmed computer 
simulations of cell sorting in two and three dimensions, 
were allowed to exchange places. It turned out that such 
motility rules did not give clean-cut sorting out of a 
random mixture of cells, Thus the real motility rules must 
be of a special kind, whose nature is yet to be discovered. 
IJe speculate that the more adherent cell type acts as a 
liquid network within the less adherent type, This network 
would undergo contractions clue to surface tension, but the 
exact course of events wouXd depend on the resisting viscosity 
of the cells, This is currently being explored both by 
calculations and by experiments on model systems consisting 
of viscous irmiscible liquids. 
2, Filapentous blue-green algae have single cells 
called heterocysts more or less evenly spaced along the 
chain of vegetative cellso The vegetative cells grow and 
divide. Heterocysts do not, When the distance between two 
consecutive heterocysts approximately doubles, one of the 
vegetative cells somewhere in the middle turns into a 
heterocyst. The process has a large stochastic component, 
because the spread in distances between heterocysts has at 
least a threefold variation, rather than twofold, which a 
deterministic model would predict, Thus we are faced with 
wo major questions: a) what characterizes the vegetative 
cell in an interval which is chosen to become heterocyst? 
and b) how does that cell inhibit its nearest neighbor 
from also becoming heterocysts? 
These questions are best answered by direct observation, 
laboratory. Pn the meantine analytical and computer 
analyses of a few models of this system are now being studied. 
3 ,  In collaboration with Professor ~ewis Wolpert of 
the WiddLesex Hospital Lledical School, London, models f o r  
the establiskment of polarity in Hydra are being developed. 
17e now have a model based on active tramport of a morpho- 
genetie substance which exhibits "regulation" in that the 
concentration gradient adjusts itself to the size of the hydra. 
4 ,  In collaboration with Professor Antone Jacobson, 
University of Texas, Austin, we have been attempting to 
analyze the novements of cells during formation of the 
neural plate in newt embryos, The analysis leads to a new 
one-dimensional theory for the organization of vertebrate eggs. 
5. The vertebrate skull is composed of a number 
of nearly fused plates, which start development separately 
and then run into one another. Similar simpler patterns are 
seen on the shells of turtles. In collaboration with 
Professor C, 8. Waddington we have begun a study of the for- 
mation and growth of such plates, 
6 .  When a picture is taken with an electran micro- 
scope, it records the top, bottom, and middle of the object 
all superirnposed. If the object is rotated a few times and 
more pictures taken, it is reasonable to suppose that infor- 
mation is now available for reconstructing its three-dimensional 
ensity in space. We have devised an algorithm for accom- 
testing its effectiveness, The algorithm hay have applications 
for efficient image storage and transmission, 
R. Gordon 
C, Two series of worlcing sessions have been performed 
together with Dr, ilosen. The first served to discuss dynam- 
ical systems with a time-behavior that can he considered an- 
alogous to biofogieal evolution. Since the main problem 
involved is the transition between different hierarchic 
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levels of description, the possible role of optimality 
principles in selecting the proper behavioral aspect of a 
complicated system has been discussed, The results have been 
tentatively applied to a particular dynanical system consist- 
ing in total positive, simultaneous ordinary, first-order 
differential equations with conditionally constant coefficients, 
and a working inanuscript has been prepared. 
In a second series of sessions, the biological hypothesis 
of maximal substantial growth led, as I 
to a discussion of the general dependence of maximal substan- 
tial growth on (a) physico-chemical , (b) relational, and 
(c) optimal-design constraints. The combined approach seems 
to bear im-ediate consequences on cell theory. Implications 
on a general theory of 'chemical biologiese are possible. 
The co-operative work has been condensed in so far, two papers 
(R8ssler, O., and R. Rosen, "K' theory of maximal 
growth I and If," to be submitted for publication). 
Xonograph: "Ogtirnality Principles in Biology", London: 
Butterworth and Co,, Ltd,, U.S, by Plenum Press, 
"Discrete and Continuous Representations of l4etabolic 
l4odelsW, Appeared in Quantitative Biology of 14etabolism 
Proc. of Helgoland 3 r d ,  International Symposium, A.  Locker, 
ed. Springer-Verlag, 24-32 ,  1968-1969. 
b) Richard Gordon 
"On Monte Garlo Algebra", J, Appl, Prob,', In press 
"Saltation and Self-chromatograph of SandUr Proc. Royal 
Soc,, London, Section A, in press, R. Gordon, 3.  B. Carmichael, 
and F, W. Isackson. 
6 ,  PAPERS AND SEMIfilARBS PPESENTED: MEETINGS ATTENDED: 
During 1969 Robert Rosen was a p a r t i c i p a n t  i n  t h e  
V i s i t i n g  Lectureship Program of t h e  Socie ty  f o r  I n d u s t r i a l  
and Applied Xathematics, l e c t u r i n g  i n  t h e  f i e l d  of Bio- 
mathematics and IJlathematical Biology. Lectures  were given 
a t  t h e  fol lowing i n s t i t u t i o n s  i n  t h i s  program: 
1/69 Boston College 
3/69 Bowling Green S t a t e  College ( 2 )  
4/69 Stevens I n s t i t u t e  of Technology 
4/69 Adelphi Universi ty  
The Eollowing seminars 5 \were given: 
3/69 Pla t t sburgh (SUNY) 
5/69 Duke Universi ty  
IO/Ci9 Case-Western Reserve Univers i ty  
Papers and t a l k s  presented a t  meetings ( invi ted) : :  
2/69 Biophysical Society,  a s  hngeles 
3/69 biotinatfiernat i c  Sympo~iurr~ , ~ o u s * ~  
6/69 Biomathematics Symposium, Salk L ~ S L L ~ ~ , ~ ~  
The fol lowing meetings were, attended: 
,P&QfbBrt Rosen: 
5169 I n t e r n a t i o n a l  Biophysics Congress, Boston 
11/69 American Society f o r  C a l l  Biology, D e t r o i t  
Richard Gordon: 
7. CONTRIBUTIONS TO UNIVERSITY TEACHXNG: 
Cont r ibut ions  to  Universi ty  teachiag fall under t h e  
heading of t h e  development and teaching 05 course$ i p  t h e  
Biomathematics Program, and a l s o  lec tures  presented i n  var ious  
survey courses  o f f e r e d  by t h e  D e  @nt of Biopkysieal  Sciences. 
The course notes  used i n  p lace  0% t e x t  material i n  t h e  
courses  t augh t  on Dynamical S y s t m s  fn Biology have been 
turned i n t o  textboolc manuscripts, t o  b? published by John 
Wi1ey (Interscience), This ur i%% be a trm-pr~lme 
Series, the first volume already in the hands . . 
of the publisher and scheduled to appear within 6 months. 
Also to be included in this heading are sponsorships 
of Ph D. candidates. R, Rosen is on the committees for 
seven Biophysics students, two Mathematics students and one 
Engineering student. 
8. 3'IISCELLANEOUS ACTIVITIES. 
The following activities were engaged in during the 
past year : 
Robert Rosen 
1. Assistant Directorship of the Center for Theoretical 
Biology. 
2. The editor of a multi-volume textbook on Mathematical 
Biology for Academic Press. 
3 .  Reviewing and refereeing of'Manuscripts and Books 
for the following Journals and presses: 
Zentralblatt fur Mathematik 
Journal of  heo ore tical Biology 
Science 
Quarterly Reviews of Biology 
Wiley (Inter science) 
Academic Press 
4. Member of Faculty for Summer Colloquium in Theoret- 
ical Biology, Fort Collins, Colorado 7 and 8/69 
Richard Gordon: 
1. Refereed for the Journal of Applied Physics. 
2, Member of Working Party, Sumer Colloquium in Theoret- 
ical Biology, Fort Collins, Colorado, 8/69 
3 ,  Chairman of Theoretical Biology luncheon meetings. 

1, BEFINITIOLJ OF FIELD OF INTGPaST: 
-- 
Theore t i ca l  s t u d i e s  on drug-s t ruc ture  and a c t i o n  with 
t h e  o b j e c t i v e  being t h e  e l u c i d a t i o n  of  t h e o r e t i c a l  
methods f o r  drug design and de nent . 
2. FINANCIAL SUPPORT: 
- 
NASA Grant ;JCR 
UfIF Grant G-F-6 8-U5 
3 ,  FACULTY X3D OTSER PARTICIPA2JTS : 
Jl a n Ray Banann \!orking Par ty  Chairman, 
Facul ty of 31atural Science 
and i la t l~ematics  ( ~ i o p k y s i c a l  
Sciences 
Luigi  t4. Bianc i~ i  A s s i s t a n t  P ro fessor ,  
c u l t y  of Hatura l  S c i e n c e  
ncl ijathematics ( ~ i o p h y s i c a l  
Univerakb-Gfirealth Service  
Consultant:  John F, Olsen 
Student  P a r t i c i p a n t s  Arthur 13edley 
druce Peterson 
To achieve tile o b j e c t i v e  of  tixis program i n  t lzeore t ica l  
phannacoloyy, w e  are cons t ruc t ing  a i ~ i e n a r c h i e a l  theory of 
pharmacological systeas incluG-ing -- a t o n i c ,  molecular - and 
bioco~nponent l e v e l s  whicn are correlated with an 
observat ional  phys io logica l  l e v e l .  2ach of t h e s e  
l e v e l s  is  f u r t h e r  s i n i n a l l y  cha rac te r i zed  by d e t e r m i n i s t i c  
and p r o b a b i l i s t i c  " p a r t i c l e "  sub leve l s  toge the r  with a 
d e t e r m i n i s t i c  "tkemomechanical" sublevel .  A b r i e f  
summary o f  t h e  progress  during 1969 i n  t h e  formal development 
of t h e  ind ica ted  l e v e l s  i s  as follows: 
A, Atoaic  Level. 
Considerable e f f o r t  was t h e  atomic l e v e l  
i n  f o r ~ ~ u l a t i n g  an adequate b a s i s  f o r  the molecular l e v e l  
t h e o r i z a t i o n .  I n  p a r t i c u l a r ,  J, R ,  Haznann and L. 21. 
Bianchi have foriaalized the r e l a t i o n s  arnony p r i o r  probabi l-  
i s t i c  dec i s ions ,  t h e  pa th  p r o b a b i l i t y  ae thods ,  optimal 
entropy inference  and s t a t i s t i c a l  mechanics, They have 
a l s o  i n i t i a t e d  a program i n  t h e  c h a r a c t e r i z a t i o n  of  
c l a s s i c a l  temporal r e l a t i o n a l  systems- J, R. Hamann, i n  
o rde r  t o  even tua l ly  develop a theory of  b i o l o g i c a l  organi- 
za t ion  a s  it a p p l i e s  i n  drug re udies ,  has con- 
s t r u c t e d  a u n i f i e d  ( r e l a t i o n a l )  p r o b a b i l i s t i c  foundation 
of t h e  pheno~aonological l e v e l  of t h e  theory of quantur~~ 
f l u i d s  , 
B ,  Eiolecular l e v e l  
A t  t h e  d e t e r m i n i s t i c  p a r t i c l e  sub leve l  of t h e  molecular 
l e v e l ,  J,F, Olsen has s tud ied  t h e  e l e c t r o n i c  s t r u c t u r e  of 
carbon suboxide and m-*phenylenedicabene and rn-phenyl- 
enedin i t rene .  Tnis  work as we11 as o t h e r  sinahl-nof ecu le  
quantum chemical ( C N D O / Z )  c a l c u l a t i o n s  caas intended t o  
f u r t h e r  develop t h e  d o t e n t i a l  of t h e  rt~ethods f o r  app l i ca t ion  
to  drugs,  
A t  t h e  p x o b a b i l i s t i c  p a r t i c l e  sub leve l ,  3 ,  R. Earaann 
and L, 2 2 ,  &i.anchi, i n  conjunction with ! I ,  ?incus frola 
Brooklyn Polytecli are Geveloping a numerical method f o r  
r e so lv ing  t h e  o-ptimal entropy p rob le r~ ,  
S tud ies  a t  t h e  thermonechanical sub leve l  have taken 
t h e  f o r u  of t h e  development of a theory of 'smicrotl~emon~e- 
chanics"  by J, R. Hamann and i.1, Giordano, I n  p a r t i c u l a r  
t h i s  work has l e d  t o  an e x p l i c a t i o n  of t h e  concept of 
C, Biocomponent l e v e l  
fJork a t  t h e  d e t e r m i n i s t i c  p a r t i c l e  sub leve l  of t h e  
biocon~ponent l e v e l  cons is ted  of g u a n t m ~  clienical  (XHPiO) 
c a l c u l a t i o n s  by B. Peterson,  A, Bedley and J. R. Hamann,. 
These c a l c u l a t i o n s  have againbeen confined t o  t h e  c h o l i n e r g i c  
system inc luding  ace ty lcho l ine ,  cholinamimetics, and 
cho l ine rg ic  i n h i b i t o r s  and r e a c t i v a t o r s ,  The bullz of 
t h e  work was confined t o  cumpletion of  t h e  s tudy of t h e  
p r o b a b i l i s t i c  a spec t s  of rriolecular dec is ion  theory a t  t h e  
p r o b a b i l i s t i c  p a r t i c l e  sub leve l  and the raicrothernoi~echan- 
i c a l  a spec t s  a t  t h e  m i c r o t h c ~ ~ ~ o ' ~ ~ e c h a n i c a l  sublevel .  
19, Applicat ions 
On t h e  b a s i s  of  t h i s  h i e r a r c h i c a l  cons t ruc t ion ,  t h e  
fo l lob~ ing  s p e c i f i c  areas sf study c o n s t i t u t e  t h e  p r i n c i p l e  
concerns of t h i s  group. 
F i r s t ,  t h e  continued c h a r a c t e r i z a t i o n  of the 
cf io l inerg ic  systera was pursued by J, 8. Ejmann, 5 ,  Pe+i;crson, 
A, Hedley and 3. F. Olsen, wi th  the goa l  o f  developing a 
more adequate rnodel of t h i s  p a r t i c u l a r  drug-receptor i n t e r -  
ac t ion  process.  Secondly, an- .appl icat ion t o  t h e  s t u d i e s  
of alcoholism and drug addic t ion  was i n i t i a t e d  with t h e  
formulation of a genera l  theory of cher%ohabituation and 
an assoc ia ted  cartiputer In-Ye1 by J-B. liairtnnn and W, Gioraanoe 
J. R .  IIaE1ann and L.1.1. Bianchi,  .'A N o t e  on the Rela t ions  
among P r i o r  P r o b a i l i s t i c  Decisions,  t h e  Path Proba-  
b i l i t y  elethod, Optimal Entropy Inference ,  and Sta- 
t i s t i ca l  Piechanicsi' Progr,  , Theor. Phys., g, 982 (1969) 
J, F, Olsen and L. Burnel l ,  !'The E lec t ron ic  S t r u c t u r e  of 
Carbon Suboxide", J. Phys, Chexa. 73, 2298 (1969) 
J. F . O l s e i l ,  "m--phenyl-enedicarbene and ;a-pheny lane- 
d i n c t r i n e ;  Cor,~pounds having Quintent  Groud States, 
Spectroscopy L e t t e r s  2(7) 217 (19G9) 
6 ,  PAPSRS AND SENJXJARS PMSENTED : 3EE1i'INGS ATTEMDED : 
- _ I _ _ ---- _CI 
L.i l .  Sianchi  and J,R, Hamann paper on "Rela t ional  
Hierarchies  i n  Biosyste;~ Theories" presented  a t  t h e  
Sy~nposiuu~~ on Hathematical Theories i n  t h e  L i f e  
Sciences,  Kingston Ontar io,  June, 1969. 
L.M, Bianchi paper-p~gq.e@ed a t  t h e  Biophysical  Socie ty  
Annual 14eeting, Los Angeles, 3iarch, 1969, 
L, Ed. Bianchi a t tended t h e  Conference on Formal Theor ies  
of information,  Buffalo,  W,Y,, June, 3.969 
L, M, Dianchi a t tended Meeting of t h e  Eociety f o r  i3atural 
Philosophy, Ann Arbor, Ilichigan, Movernber, 1969 
7 ,  COCJTRLBUTIONS TO UNIVERSITY TSACEIIES: 
-- .-- -- 
L.;4, Eianchi - PS 119 "Sxper ien t i a l  Approaches t o  Science" 
- COE 405 "The Dividkd ban! 
L e l i a  a i a n c h i  and J, 2 ,  r-Ianann - 
N S l i  470 Na tu ra l  Science and ~:!athernaticr;" 
WSX 101 "'Sy:nbolic For:n - L i n g u i s t i c s  '- 
J,R, Ha2ann - FS 1 4 1  "Science:  O r d e r  anz  Disorder"  
COE 201 .'SyL?&olic Fora  -- &inguis$ icsa2  
3. Pe te r son  and A. Eedley - 'Experimental  Learning i n  Phys ics"  
Tor t h e  f a l l  and s p r i n g  secacster we formed a group o f  
about  t e n  people  i n t e r e s t e d  i n  s c i e n c e ,  IJe ob ta ined  use  
o f  t h e  phys i c s  l a b o r a t o r y  and as an i n i t i a l  g o a l  a r e  
l e a r n i n g  t o  u se  t h e  b a s i c  equipnent ,  i:e p l a n  f o r  t h e  cou r se  
t o  evolve  i n t o  a f l e x i b l e  l a b o r a t o r y  a l lowing  each s t u d e n t  
to fo l low h i s  i n t e r e s t s .  

The general field of interest of this research effort 
is the application of quantw~~ a~echanical and related tech- 
niques to biologically important molecules (bio-molecules) 
and the interpretation and correlation of such calculations 
witl regards to xtolecular stability and interactions, Such 
information will allow biological inferences to Se 13acJeee 
Research activities of the group were supported 
nainly by the respective departments of the meTbers. A 
particularly important role was played by the Department of 
Cxperimental Pathology of Roswell Park l?ernorial Institute. 
Further support was received frwn Rosrnaell Park rlenorial 
Institute through Graduate School training :TIE Grant 
No, CA 5016--12. 
Additional support was received f rom 'LJf £3 Grant 
free conputer time. The Center for Theoretical Biology 
supported the work of this group through its facilities and 
supporting personnel, as well as thxough i4ASA Grant 
No, 33-815-016 
3. FACULTY AND OTEES! PARTICXPAXTS: 
Robert gein Chairman, 
j3.esearch Professor of Biophysics 
~ n d  Principal Cancer Research 
Scientist, 
Departiilent of Experinental Pathol- 
ogy and Givision of Graduate 
School, 
\xoswell Park Memorial Institute 
James P. Karlos Cancer Xesearch Scientist 
Department of Experimental 
Pa thology 
Roswell Park i,.Ien~orial Institute 
Illordechai Kleiner Cancer Research Scientist 
Consultants: 
Degartyaent of Zxperinental 
Patholoqy 
.P,oswell pa;lr Zlemorial Institute 
Frank E. liarxis Professor of Physics 
University of Utah, Salt Lake City 
ilichael Poll alc Professor of Physics 
ersity of California, 
, .. 
Student Participants: 
George B a c k  Biophysics 
James 2abinowitz Physics 
i?arc Rendell S m c r  fellow 
Dennis DeGweck 
Joseph Larap1 . 
('liss Bsin-.yu 'IJany 
The application of quantum theoretical methods to 
biological systems yields a rewarding ainount of insight, om 
a molecular level about those systems. In view of this, 
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our research has a two-fol5 approach - the application of 
quantum xnechanical calculations to biological systems and 
the development of new tnethods. 
The latter approach is typified by our research con- 
cerning the evaluation of multicentered integrals. En 
order to develop a more sophisticated treatment of molecular 
energies or interactions Zor biological systems, one requires 
a rapid, accurate method for evaluating those integrals. 
Our investigations inaicate that the use of single center 
expansions yields a formulation that fulfills those require- 
ments. 
The application of theoretical methods to biological 
- ,  
systeins is given by our studies on biological interactions. 
One of these studies is involved in the basic translation of 
the genetic code in protein synthesis. This study considers 
the primitive recognition process of an arttino acid by its 
particulag +-RNA. This we consider as a physical interaction 
between an amino acid and the nucleotide bases. 
dimerization. This process involves the interaction of two 
thymine molecules, one of which is excited. The dimerization 
is experimentally observed in DNA as well as in solution, 
Our studies have been concerned with the calculation of the 
energies of two interacting thpines. We consider various 
geometries as well as the cases where both m les are in 
their ground states, 
The problem of the tautomeric distribution of the 
nucleotide bases is also being investigated, This problen is 
being examined as a function ef intrineic stability and also 
solvent stabilization, The intrinsic stabilities are being 
obtained by extensive calculations using both XEHT and CIqC0/2 
techniques. The solvent effects are obtained by a simple 
application of reaction field techniques. 
Another area currently being investigated is the 
evaluation of antibody-hapten interactions using classical 
electrostatic reaction field techniques. Alsov a preliminary 
study is being undertaken dealing with enzyme-substrate inter- 
action where specific intermolecular interactions are being 
considered, 
Research reports appended: 
1, The Electronic E/lechanism of Photodherization 
of Thymine, R. Sayre, J. Harlos, R. Rein 
2, ~dssible Interaction in the Primitive Translation 
Process, $5.  ende ell, J. Haulos, R. Rein 
4. Theoretical &lode1 for Hapten-Antibody Interaction, 
G. Pack, R. Rein. 
5. Integral ~pproximation, J. Rabinowitz, R. Rein 
5, PUBLICATIONS: 
Pierre Claverie and Robert Rein, "Theory ~f Internolecular 
Interactions: The Long Range Terms in the Dipole- 
dipole, Itlonopoles-dipole and Monopoles-Bond Polarizabil- 
ities Approximationsti, International Journal of Quantum -
, Vol. 111, - 5 ,  537-551 (1969) 
Rein, Narendra 5, Goe dies on the 
alculation of Stacking als, PJ,Y, 
deny Science, 3-53., 805 (1 
 
J, Manassen and Hobert Rein, "The 2eactive Intermediates in 
Chemical 
 consequence^"^ 
% Rein, George Clarke, Frank E, Harris, "Iterative 
ded Buckel Studies of E 
cation to Heterocyclic 
of Sciences, in press 
Robert Rein, f.larc Rendell and J. P. ible Inter- 
actions in the Primitive Translatian Process", Proceedings 
Syn~posium Biology, Springe lag, Berlin, 
in press. 
Robert Sayre, J. P, Harlos and Robert Rein, "The ~hotodimeriza- 
id, in press, 
arlos and Robert Rein, "Analytical 
Evolution of filulticenter Integrals", Journal American 
Chemical Society, in process of publication. 
6. PAPERS AND SEllINARS PRESENTED x MEETINGS ATTEYDED : 
---- 
obert Rein presented invited papers,"~he Pkotodimerization 
of Thymine" by R. Sayre, J. P. Harlos, and R. Rein; and 
"Possible Interactions in-the Primitive! Translation 
Processv~y R o  Rein, M. Rendell and J. P. Harlos, at the 
G. A. Charkes at Symposium on Quantum Aspe 
cyclic P4olecules, Jerusalem, Spring, 1969, 
Robert Rein presented the following seminars: 
1. \l!eisrnann Institute of Science, Rehoboth, Isyael 
2. Soreg Research Center, Ybne, Israel 
3. Aryonne National Laboratory, Argonne, Illinois 
J. P, Bazlos psesewted a paper , "The Fleehanism sf $he 
Thymine Dimerization Process.' at the Third Intei- 
national Biophysics of the PUPAR, Boston, Massachusetts, 
Z%ugust-Sep$eink,ep~~ 1969, 
Robert Sayxe presented a paper 
on Pyrimidine Photodimeri , at the Northeast 
Photobiology Group, Xthaca, M.Ye, May, 1969, 
E.2.' Pollak presented a paper, "The Energetics of the Thymine 
Ph~tod~erization" by R, Rein, R, Sayre, J, Smith, 
J, lee Hazlos and M. Pollak, at the 13th Annual lleeting 
of the Biophysical Society, San Francisco, California, 
R. Rein Biophysics Research 096 
Re Rein ntum Biophysics 548 
R. Rein 
J. Rabinowi 
8. i4ISCELLANEOUS ACTIVITIES: 
Robert Rein ommi Center for 
Theoretical 
Ne presented a course of twenty le 
' n, Israeli Institute 
Be is also referee for Journal of Theoretical Biology, 
the Biophysical Journal a he Journal of American Chemical 
Society, 
2, Sayre, J ,  E:arlos, 13, Rein 
This  rei3ort i s  a continuatie11 of a p r o j e c t  begun anC 
reported i n i t i a l l y  i n  l a s t  y e a r -  s Annual ~ l e ; ~ o r t ,  
The s t u d i e s  reported below are pubLisheC i n  &etsil  i n  
Sayre#  Harlos  and Xein, "Pheorc t i ca l  Study 02 PPhotodi:!er.- 
i a a t i o n  of  Ylzyaine ' , i n  Procee&incjs of the :-3attellc 
ileraorial L n s t i t u t e  S-,riq3osiunt on Quanturn Giolog-y, i n  press, 
The energies of i n t e r a c t i o n  fsctveen ground s t a t e  and 
exciteir state 'eshlrinine ~ ~ ~ ~ ~ l e e u l e s  ;~c',vif! been stuiitiei.!, Four 
terms have been inchldelr i n  the total energy of i n t e r -  
ac t ion : ,  9) a per.f;urba"Lion trea"c:;;ent i nvo lv ing  tfie p i  
e l e c t r o n  systens 2) toe electrostatic i n t e r a e k i o n s  bekv~een 
both molecules,  3)  tile sifj,;~a h i spe r s i an  i n t e r a c t i o n  enercyy, 
&VLG 4) the signa ~ o L s s i  z~ i t i o i l  i n t e r a c t i o n  energy, These 
ter ias rlave. b e ~ n  c a l c u l a t e d  and. corii~arec'. f o r  :yround- 
ground state i n t e r a c t i o ~ i s  anc: gmun6.--excite& zkate 
Four idealized iss:;ters r epesen t ing  toe e x c i t e d  state  
ground state khyraine a o r ! ~ ~ l e x e s  was ol~c;ervtld; hawevex, a 
rei3ulsiva barrier war; silo'lm t o  be prqsen", r.fhicli %;reven."ceG 
;?or;sil.>le tr~er:.:?al ~ i i ~ ~ e r i z a t i o n  fro..: occurriag . U;~on e x  - 
ci ta t ion  of 01x3 02 . L~ ie  ~ ~ o n o : ~ e x ~ ,  a-kCra~Tive r; t a M . l i z i n g  
illteraction occurred, Y n a  - ~ ~ s u Z f S s  indieake tha t  tile cis 
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(heai t o  ~reab.) i s o ~ ~ ~ ~ r  f on25 tile : lost e i ~ e r g e t i c a l l y  s t a b l e  
e x c i t e d  s t a t e  Gii;ler znu tile cis (rzeacl t o  t a i l )  tile l e a s t .  
See Figures  1 ant& 2 be lo:.^ for a co-xgarisori of the t c t a l  
i n t e r a c t i o n s  Ijetween the c i s  (mac to head) isol,ier i n  t h e  
ground s t a t e  ana i n  tilo excitei'? s t a t e  confir jurat ioa.  
A rsfirse~!:Bn% of  tiles2 stucies in t i ica tes  t a a t  f o r  tt-ie 
cis (iiesii t o  head) isoaier a .2f, ucgree r o t a t i o n  about t ~ l e  
5-6 uou i l e  Lonci increases tile s t a b i l i z a t i o n  i n  both tile 
ground and e x c i t e d  sta tes .  T h e s e  r e s u l t s  tend to i n d i c a t e  
that. as the i n i - t i a l  gaot :~etr ies  1.lore nea r ly  ti-qyoxinate 
tnose of tLe f i n a l  c,.rsuiz~ state tris:,er, t h e  greater tile 
s t a b i l i z a t i o n ,  Such rssults ~ J Q U ~ G  be c o n s i s t e n t  v i t n  a 
4ii!icrizakioiz process  tmt r e ~ u i r e s  cn ly  l i t t l e  nuclear  
. . 
rearrangment. Such could ori .ginate  &rough either 
a s inc j le t  or  t r i p l e t  s t a t e ,  %''nese t l l e o r e t i c a l  predictions 
agree with t n e  experic~engal  f in6 ing  t h a t  tile forrrlation of 
t h i s  isoiner &lay proceed t-ougi, e i t h e r  s i n g l e t  o r  t r i p l e t  
s t a t e s .  
t v d s t i n g  and csorxpressing the stacked adjacent  thymines I n  
double s t r andee  mJk t o  Eorl.t ths ground s t a t e  iii11:er. These 
r e s u l t s  i n d i c a t e  t h a t  soze, 2erhay?s itnore cor"L'p1icated re-- 
a c t i o n  patfxaay i s  nee~ea t o  expla in  the fon .~a t ion  of t h e  
cis (ileaa t o  head) dizser a.n~i t o  o b t a i n  the appropr ia t e  
nuclear  gcanetry for  ~ t i ~ ~ e r i z a i t i o n  n  ~)'L\J& 
Total Ground Stads Xnteraction 
C i s  (head-to-head) Configuration 

Poss ib le  I n t e r a c t i o n  i n  the Pr imi t ive  Trans la t ion  Process 
pi. kendel l ,  J, Iiarlos,  X!, Rein 
T l i i s  s tudy i s  concerned w i t 1 1  t h e  processes  involved 
i n  t h e  r ecogn i t ion  of an a c i d  by a p a r t i c u l a r  t--IGJAo 
I n  the contegporary process  t h e  recogni t ion  r e q u i r e s  n o t  
only t h e  amino a c i d  anz i ts t - E d A ,  b u t  a l s o  an enzyme 
and ATP, lJhi le  t h e  d e t a i l e d  involvei-tent of each of t h e  
coli-iponents i s  i n c o ~ p l c t e l y  known, t h e  c u r r e n t l y  popular 
view of t h i s  i.~echanislil a t t r i b u t e s  both t h e  r ecogn i t ion  of 
t h e  amino a c i d  and t h e  requi red  t-RWFF t o  t h e  enzyme, 
The requirements of such a ~;.leci~anisnz, however, a r e  
r a t h e r  s t r i n g e n t  with regard  t o  t h e  evolu t ion  of t h e  g e n e t i c  
code, i ts  t r a n s c i p t i o n  and t r a n s l a t i o n ,  These requirements 
inc lude  t h e  developn~ent of a highly s o p h i s t i c a t e d  enzyme 
capable of recognizing an arnino a c i d  and it's p a r t i c u l a r  
t -RgA,  f 'lhile i.t i s  poss ib le  t h a t  such a !zecl-ralzisrn i s  
u t i l i z e d  i n  conteraporaxy p r o t e i n  s y n t h e s i s ,  it i s  d i f -  
f i c u l t  t o  env i s ion  t h e  spontaneous development of such an 
appears nore r e a l i s t i c  t o  p o s t u l a t e  an e x i s t i n g  recogn i t ion  
process .  
T h i s  p r i m i t i v e  process ,  f i r s t  proposed by Orgel, . in-a 
volves only t h e  amino a c i d  and an X N h  codon, The recog- 
n i t i o n  process  nay then involve t h e  phys ica l  f o r c e s ,  of 
a non (cova1ent)bonding nature, between t he  KGA, o r  p a r t  
of t h e  mJA, and tne amino a c i d ,  
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En orde r  t o  a s c e r t a i n  t h e  reasonableness of  t h e  
Iiypothesis , w e  propose t o  exanine t i re  i n t e r a c t i o n s  between 
var ious  amino a c i d s  and tile EJJA bases.  I n  keeping ~ . ~ i t h  
our  e a r l i e r  s t u d i e s  of b i o l o g i c a l  i n t e r a c t i o n s ,  t J e  d iv ide6  
these  f o r c e s  i n t o  e l e c t r o s t a t i c ,  pols-rization and dis- 
pers ion  f o r c e s ,  The genera l i :~e thod  c o n s i s t s  of scanning 
the conf igura t ion  space of t h e  ai!~ino a c i d  and hase(s)' 
an6 c a l c u l a t i n g  t h e  e l e c t r o s t a t i c  i n t e r a c t i o n s .  This  
provides a crude ;nap -of t h e  i n t e r a c t i o n  energy s u r f  ace.  
A t  those  po in t s  where an e l e c t r o s t a t i c  i n t e r a c t i o n  miniinma 
has been loca ted ,  t h e  ene rg ies  are r e f i n e d  by inc luding  
t h e  d i s p e r s i o n  anCi p o l a r i z a t i o n  energies .  Thus, w e  o b t a i n  
t h e  i n t e r a c t i o n  energy of t h e   tost st s t a b l e  conf igura t ion ,  
In tilis prel iminary stuLiy , we l i m i t e d  t h e  c a l c u l a t i o n  
t o  a silnple amino a c i d  (g lyc ine )  i n t e r a c t i n g  wi th  tile 
nuc1eoti.de bases one a t  a t i i i~e ,  Furtherinore, c o n s t r a i n t s  
were app l i ed  t o  t h e  region  scanned, l i m i t i n g  it t o  t h e  p lane  
conta in ing  t h e  base. Also the c a l c u l a t i o n s  w e r e  ~erformed.  
Extended Buckel Theox:? method, 
The r e s u l t s  of t h e s e  c a l c u l a t i o n s ,  Ilowevar , a r e  
extremely i n t e r e s t i n g  and sugges t ive ,  File e l e c t r o s t a t i c  
energy is the l a r g e s t  s i n g l e  con t r ibu t ion  t o  t h e  t ~ t a l  
i n t e r a c t i o n  energy, The r e l a t i v e  orcler of t h e  i n t e r a c t i o n  
energies  of g lyc ine  wi tn  t h e  nucleot i i ie  bases  i s  then ,  
C %>U >A. This order  a l s o  r e f l e c t s  t h e  a b i l i t y  of t h e  
6-oxygen t o  d i r e c t  t h e  r e l a t i v e  o r i e n t a t i o n  and i n t e r -  
a c t i o n  energy by i ts  n e t  a t o a  charge. The a d d i t i o n  of 
t i o n  arid pola  r i . za t ion  energier; then r e s u l t s  
i n  t h e  follotzring o r6e r ,  C>G>A>U. I t  i s  of i n t e r e s t  t o  
h a t  t h e  inc lus ion  of t h e  sec r d i spe r s ion  and 
p o l a r i z a t i o n  ene rg ies  causes a r e  r e v e r s a l  i n  t h e  r e l a t i v e  
s t a b i l i t i e s  of t h e  c o i ~ ~ ~ l e x e s  u t i l i z i n g  adenine and u r a c i l -  
Fur ther  i n t e r a c t i o n  with Cytosine i s  extreirlely 
s t a b l e ,  i n  f a c t  some 13 e s t a b l e  than Guanine, t h e  
nex t  rnos t s t a b l e  corlplex. The t o t a l  energies  involved 
are C ( - 4 1 . 4 ) "  5) , A (27;2) , U ( 2 2 , l )  . 
s u l t s  a r e  ex t rene ly  i n t e r e s t i n g  and Lend 
suppor t  t o  khe proposed ~tkechanisg-ti. The f a c t  t h a t  such 
i n t e r a c t i o n s  have n o t  been experimental ly  observed t o  
date i s  n o t  e n t i r e l y  unexplicable .  The experimental  
s i t u a t i o n s  examine those  i n t e r a c t i o n s  have u t i l i z e d  
p ro ton ic  so lven t s  capable of s t r o n g  i n t e r a c t i o n s  with 
t h e  nucl  bases  and a~nino ac ids  themselves, The 
t r i c  media might be more u s e f u l  f o r  t h e  c i z a t i o n  
of  t h e s e  corfiplexes . 
This  s tudy i s  now being extended t o  o t h e r  amino a c i d s  
ancl a l s o  t o  inc lude  ne ighbo~~iny*  nucleot ide  bases  i n  NqA, 
SoSvsnt X f f e c t s  on t h e  Stability of Tautort~ers i n  DNA Eases 
2:Ie l ; le iner ,  J, Barlos ,  R. Rein 
Repl ica t ion  of nuc le ic  a c i d s  is considered to occar  
by bu i ld ing  up of a new chain  on t o  an e x i s t i n g  ttlolecule, 
fn t h i s  process  adenine p a i r s  wi th  thymine, guanine wi th  
cytos ine  and v i c e  versa .  
Spontaneous mutation happens when a "mistake" is made 
i n  t h e  DNA base sequence, i f  an i n c o r r e c t  base is incor-  
porated i n t o  t h e  forn ing  chain.  :?atson and Crick fl) 
have suggested t h a t  t h i s  might occur  when one of t h e  
molecules r e a c t s  i n  an a l t e r n a t i v e  tautomer form, Knowledge 
of t h e  i n t r i n s i c  s t a b i l i z e r s  of t h e  r e l e v a n t  forms 
which is related t o  t h e i r  equi l ibr ium d i s t r i b u t i o n  is there-  
f o r e  p e r t i n e n t  f o r  p o s s i b l e  c o r r e l a t i o n  with spontaneous 
i a ~ e n t a l l y  observed t h a t  DNA 
exchanges r a p i d l y  i ts protons involved i n  hydrogen bonds, 
it is necessary t o  inc lude  e x p l i c i t l y  t h e  s o l v e n t  media 
i n  any i n v e s t i g a t i o n  of taut0;r.reri.c s t a b i l i t y .  
e f f e c t s  and how it raodifies t h e  i n t r i n s i c  energy gaps,  
es t imated  by t h e  XEBT (previous ly  descr ibed)  and P o p l e s s  
CND0/2 pr6cedures. To estimate t h e  medium e f f e c t ,  a 
r e a c t i o n  f i e l d  technique is uti l izec2. According t o  t h i s  
method of c a l c u l a t i o n ,  t h e  medim is  represented  by a con- 
t inuous d i e l e c t r i c  moclel, w h i l e  t h e  ~nolecule  is repre- 
sented  by a d i p o l e  i n s i d e  t h e  d i e l e c t r i c  c a v i t y ,  Since 
s o l v e n t  s t a b i l i z a t i o n  i s  p ropor t iona l  t o  t h e  square o f ,  
dium favors  a  Eom t h a t  is  h igh ly  
ounts  t o  about 10 Kcal/mole f o r  
a d i p o l e  moiaent of % n a c a v i t y  of 5 r ad ius ,  I n  
3- 
i r ~ ~  o r  (norca l )  aa ino  + ( r a r e )  anino tau to-  
erism, t h e  energy gag is a t , f e a s t  25 Keal/moSe f o r  rather 
s i rn i la r  va lues  of d ipo les ,  and t h e r e f o r e  t h e  1nediu;l can't 
y reve r se  t h e  o r d e r  o f  n  s t a b i l i t y ,  bu t  
only ( s l i g h t l y )  modify it, i,e, t h e  so lven t  e x e r t s  a 
l e v e l i n g  e f f e c t  on the normal and rare foxms i n  tau to-  
m ill t h e  . . le  moiety, Hot~ever, i n  pur ine  and 
t l n  s l i g h t l y  p r e f e r r e d  9 (H) forms 
are p red ic ted  t o  t h e  medium favored 7 (H) f orns , 
higher  than  10. The p resen t  s tudy of 
f f e c t s  i n  t h e  d s t a t e  is extended t o  t h e  
f i r s t  e x c i t e d  
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~heore"cca1  ~ l o d e l  f o r  Antibody- apte en I n t e r a c t i o n ,  
G. Pack, R ,  Rein 
The snechanisi2 by which an antibody i s  produced and 
t h e r e f o r e  t h e  inanner i n  idficii it acqui res  i t s  s p e c i f i c i t y  
is as y e t  unknown. By s tudying t h e  e n e r g e t i c s  of c ross-  
r e a c t i o n s  of an antibody wi t11  a group of  ckenzically 
r e l a t e d  haptens, sorce i n s i g h t  i n t o  t h e  e s s e n t i a l s  of t h e  
s p e c i f i c i t y  nay be gained, 
"Pressman has ~neasured kb.e equi l ibr ium cons tan t s  f o r  
such a group, p e r n i t t i n g  a ca lcu la t ion  of t h e  f r e e  e n e r y j  
of i n t e r a c t i o n .  Ry a cons idera t ion  of the  fo rces  in-  
volved, s u b j e c t  t o  the c o n s t r a i n t s  of s t r n c t ~ z e  a n d i f r e e  
energy, t h e  physical  r e a l i t y  rnay become more clear, 
The forces  re levant  t o  the  system considered ( ~ ~ s i t i v e ~ ~  
charged hapten, negative antibo* s i t e ) ,  are assumed t o  
be t h e  follov?ing. An e k c t r o s t a t i c  bond jls caused by tile 
C O U ~ O ~ ~ ~ C  a t t r a c t i o n  of t h e  @pos i t e ly  charged spec ies ,  
This  can be ca lcu la ted  fron C ~ u l ~ ~ s  LWJ, using p o i n t  
an e f f e c t i v e  d i e l e c t r i c  constant  for the mediunl. Another 
f o r c e  t o  be considered i s  the  r e a c t i o n  field energy of 
t h e  d i p o l e  c rea ted  by these  charges,  A po in t  d ipo le  i s  
used f o r  t h e  ca lcu la t ions .  It is assumed t o  be p o l a r i z a b l e ,  
and t o  be contained i n  a s p h e r i c a l  c a v i t y  whose d i e l e c t r i c  
cons tant  d i f f e r s  fro18 t h e  bulk d i e l e c t r i c  cons tant  of 
t h e  surroundings,  
The s o l v a t i o n  of t h e  hapten a f t e r  bond breaking is  
a l s o  considered, The first  s tep  of t h i s  process  i s  t h e  
c r e a t i o n  of a c a v i t y  i n  t h e  aqueous phaseo Since, the 
intevirtolecular fo rces  a r e  p o s i t i o n  dependent, a change i n  
f r e e  energy i s  assoc ia ted  with a rearrangement of t h e  
so lven t  iaolecules . The othex s a l v a t i o n  contkibut ion t o  
t h e  f r e e  energy i s  t he  r e s t o r a t i o n  of t h e  charge which 
was rer'ioved from t h e  hapten when t h e  e l e c t r o s t a t i c  bond 
was broleen, This  i s  ca lcu la ted  using the Born charging 
process  f o r  a uniform conducting sphere.  
The e f f e c t  of t r a n s l a t i o n a l  entropy i s  taken i n t o  
account i n  t he  i n d i v i d u a l  tarlus, 
I n t e g r a l  ~~i3proxiicakion 
J. i',a>ilroi7itz, i;i, Eein 
A n y  r igorous  treatxtent of t h e  e l e c t r o n i c  s t r u c t u r e  
of :.:otiecules i i l  a s ~ o l e c u l a r  orb i ta l ,  scirer:le depencca on 
thci eva lua t ion  of i n t e s r a l s  of  the tyze 
1 
(whcre t h e  numbers 1 and 2 i n d i c a t e  tile set 02 e l e c t r o n i c  
cooruina tes  t h e  i n t e q r a t i o n  i s  c a r r i e d  ou t  over 
and t h e  letters a ,  b, c, fci i n d i c a t e  tne c e n t e r  of t h e  
s p h e r i c a l  k~o la r  coordinate  s y s t e n  $ i s  descr ibed i n , )  For 
both pizysical a m  c o i ~ p r t a t i o n a l  reasons ;re' expect  t h a t  
l a r g e  ( c e r t a i n l y  nolecules  o2 b i o l o g i c a l  i n t e r e s t )  
lnolecules w i l l  be Sest kreatad when t h e  $ ' s  a r e  S l a t e r  
o r b i t a l s  i .e.  
where 11 i s  a norinalization cons tan t ,  6 i s  a determined 
p a ~ a ~ a e t e r ,  Y9Je.-! i s  a s p h e r i c a l  i~zrmonic,  anti n, R and i:i 
The t i m e  requireti  f o r  t n e  l a r g e  nugber of these  i n t e g r a l s  
necessary f o r  even tile m-nallest p r o > l e m  of  b i o l o g i c a l  
i n t e r e s t  would l,~ake a r igorous  c a l c u l a t i o n  i i~!possible,  
T i~ere fo re  a well .ilnderstoo~! zLatiler.~atical approximation t o  
these  i n t e g r a l s  i s  des i rab le .  
; I s  a r e  t r e a t i n g  t ~ ~ e s e  i n t e g r a l s  by a scherns i n  which 
we note  t n e  i n t e g r a l s  look l i k e  tile i n t e g r a l s  f o r  tnc 
t h e  e i e c t r o s t a t i c  energy of tc,;ro charge d i s t r i b u t i o n  
a l s o  note  t h a t  f o r  S l a t e r o r S i t a l s  i f  s = b an9 c = d, 
t h e  i n t e g r a l s  are computationally si::.?.i.?lc and a r e  i n  
genera l  a colabination of a s r~ra l l  nui~ber  of  over l ap  i n t e g r a l s ,  
t'itiz t h i s  f o r e s i g h t  t he  b ~ o  c e n t e r  charge d i s t r i b u t i o n s  
are then  expaniieci i n  a l i n e a r  corabination of one c e n t e r  
charge d i s t r i b u t i o n s ,  
Now our  i n t e g r a l s  are j u s t  sucs  of i n t e g r a l s  of t h e  type 
t ~ h i c h  as previously note& are siiaple,  This expansion is 
then  terminated a f t e r  f o u r  t e r u s ,  one term of each 2 a r i t y  
about each c e n t e r ,  I n  previous work it was shown t h a t  
an expansion of t h i s  type could be obtained by expanding 
S,O.'s about one c e n t e r  i n  t e r n s  of  6.0.'~ about  t h e  
o t h e r  c e n t e r  and t h a t  reasonable r e s u l t s  could be oh- 
P a  of the  form 
where 
i Ye a r e  a l s o  considering a s  p s u i t a b l y  chosen i n d i v i d u a l  
a  
S l a t e r  o r b i t a l s ,  This is  a s p e c i a l  case . ... - 
n o t  always d i f f e r e n t  than t h e  f irst  choice,  It i s  always 
Af te r  t runca t ing  t h e  expansion w e  a r e  f r e e  t o  s e l e c t  
t h e  CiSs and a l s o  a d j u s t  t h e  6 i n  any way. Indeed t h e s e  
6 8 s  n o t  forced t o  have any r e l a t i o n s h i p  t o  have any re- 
l a t i o n s h i p  t o  t h e  6 ' s  i n  t h e  Hartree-Fock problem i t s e l f ,  
and a r e  va r i ed  t o  t r y  t o  g e t  t h e  b e s t  poss ib le  i n t e g r a l s .  
The type of v a r i a t i o n  w e  use i s  t o  minimize t h e  abso lu te  
square of t h e  d i f f e r e n c e  of t h e  approximated and t h e  
approximating function- We use a search  technique i n  t h e  
eight-dimensional (C,  6 )  space and p r o j e c t  i n t o  t h e  four  
dilnensional nanif  o Id where t h e  funct ion  is  always :ninirnum 
with r e s p e c t  t o  v a r i a t i o n s  i n  t h e  C ' s .  It has been Eound 
t h a t  a l s o  cons t ra in ing  t h e  1 n-zero o rde r ,  
e l e c t r o s t a t i c  mul t ipole  moment t o  be t h e  saxe g ives  con- 
s i s t e n t l y  b e t t e r  i n t e g r a l s  and i s  ~ o ~ ~ p u t a t i o n a l l y  f a s t e r .  
Our problems are v e r s a t i l e  enough t h a t  w e  can change 
i 
s i s t e n t l y  b e t t e r  r e s u l t s  both f o r  p a  a s  a p a i r  of S .OO8s  
and a s i n g l e  S -0 .  However , i n  a  I-Iartree-Fock scheme t h i s  
would be an added computational s t e p  and the re fo re  a  
disadvas?tage, A t  p resen t  rauch work is being done t o  
f i n d  t h e  optimal choice of the p a i l s  f o r  each poss ib le  
S b  t h a t  might be needed i n  a  l i ini ted b a s i c  sot ealcu- 
l a t i o n .  It appears t h a t  using S , O .  p a i r s  g ive  b e t t e r  
-85- 
r e s u l t s  than using ind iv idua l  S.0, ' s o  A t  p resen t  this i s  
n o t  s t rong  enough evidence t o  r e j e c t  t h e  choice of ins- 
d iv idua l  S,O,% as our appsroxiraating func t ions ,  s i n c e  
a scherne using then  would be coaputa t ional ly  more sirr~ple,  
The e x i s t i n g  prograiizs are a l s o  being expanded t o  
allow us t o  a l s o  cons t ra in  higher  mul t ipole  moinents t o  
remain cons tan t ,  This again w i l l  be :nore complicated b u t  
f a s t e r  c o l ~ ~ p u t a t i o n a l l y  and from prel iminary c a l c u l a t i o n s  
should g ive  b e t t e r  r e s u l t s ,  
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L ip id  E i l aye r s  a s  IZodels 
of C e l l  tiembranes Convenor - Darold P-7obschall. 
f4onon~olecular Films Convenor - Davit2 Cadenhe.& 
Seceptor  S t r u c t u r e ,  
Function and I s o l a t i o n  Convenor - David J. Tr igg le  
C e l l  Piembranes and 
2Gembrane Functions Convenor - Charles  Wenner 
REPORT - Sub-group on LIPID BIZAYEWS AS kf.i)f)ELS OF CELL FYEry1-13MME 
Convenor - Darold fi70hschall 
1. DEFIMITION OF FIELD OF IYTERXST: 
This group is interested in the physico-chernical prop- 
erties of lipid bilayer lipoprotein membranes as tnodels of 
cell membranes with an emphasis on understanding the structural- 
function interrelationshi 
ome support services were obtained via Center for 
Theoretical ~iology and from NSG 501 and MGR 33-C15-01C0 
Iddividual grant support of experimental projects was 
obtained by aembers via their respective departnents. 
Johannes Hoogeveen Veterans Administration Hospital 
Kenneth Jacobso udent (SUNY/B, Biophysics) 
Veterans Administration Eospital 
ssistant Professor 
chool of Pharmacy 
Jagneswahr Saha swell Park Memorial Institute 
Edward Shapir Student (SUNY/B, Pharmaceutics) 
harles tqenner Roswell Park 3ernorial Institute 
4. RESEARCH PROGPVUI : 
Because this group was formed skorkly before the end of 
the year, no cohesive program was planned or iinplemented. 
r 4 ~ s t  of the m e n ~ b e r s  of the group are primarily experimentalists 
and have participated in the Center for Theoretical Biology 
discussions and meetings in order to better understand and 
interpret their own mrk. Several me9tbers of this group 
have cooperated in joint experimental projects in the past 
and have planned future joint efforts. 
Studies of the stability of phospholipid membranes 
were made by S. Ohki. In order to elucidate the formation 
and the function of biological membranes (e.g. seliective 
permeability, excitability and pinocytosis), it is relevant 
to study the rclolecular basis of stability and structure of 
artificial membranes. 
Expressions of interlayer interaction for the lipid 
bilayer system were derived from the second order perturbation 
theory of intermolecular forces. As one of the factors of 
the stabilization energies of the lipid bilayers, the 
interlayer dispersion energy were estimated. 
The moleculax theory for dielectric polarizability as 
plied to the lipid bilayeg model was then calculated and 
change of environmental solutions was investigated in terms 
of the net charge of the polgr groups. Finally the stabil- 
ity of a symmetrical lipid bilayer membrane was considered 
in terms of the net charge of pokar groups and the degree of 
chelation of the polar groups with metal ions. 
The results of this investigation will be published as 
a chapker in a book, "Physical Principles of Biological 
uanes", P, !.I, Snell, ed,, (Gordeq and Breach, publishers). 
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REPORT - Sub-group on EIONOFlOLECUEAR FILXS 
Convenor - David Cadenhead 
1, DEFINITION OF FIELD OF INTEREST: 
a. Characterization of monolayer properties (air-water 
interface) of various membrane lipid ents and related 
molecules, 
be Studies of molecul ractions in nixed monoaolec- 
ular films 
c, Evaluation of film-substrate interactions 
2, FIb1AI\JCIAL SUPPORT : 
Financial support during 1969 came from XASA 
MGW 33-015-016; State Grant in Aid 0603-02-050-68; and RES 
National Heart Institute MX 12760-C1 
3 ,  FACULTY ARD OTWER PARTICIPANTS 
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Frank Tsien Research Fellow, Chemistry 
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Judith E, Csonka Technician (terminated 1969) 
4 RESEARCH PXOGFAM 
tics which establish the physical a film (gaseous, 
liquid-expanded, intermediate liquid-condensed, solid), Aqong 
the factors studied have beenzth ensing effect of 
ether as opposed to ester alkane chain attachment to glycerol, 
chain length and branching and the behavior of rigid as 
opposed to flexible amphipathic molecules, Such studies 
have enabled us to specify that at (say) room temperature, 
only, 1,2-dipal1nitoyl-3-Leeithip? and 1,2-dimyristoyl-3 cephalin 
-94- 
in their corresponding homologous series exhibit an isotherm 
possessing an intermediate region, Based on the failure of 
rigid amphipathic molecules to exhibit such a region an eval- 
uation was made of the relative merits of the Langmuir and 
Kirkwood theories concerning the nature of this "phaseso The 
increasing amount of evidence relating this phase in mono- 
layers to liquid crystalline, bilayer and membrane lipid 
states justifies the effort made in this direction. 
b. Molecular Interactions in Plixed Monolayers. IJhile 
studies made primarily with systems using cholester- 
ol as a condensing agent, non-cholesteric mixed films have 
also been studied. An evaluation of results based on mean 
molecular area and dipole plots has led us to two definite 
conclusions~ 
1, The postulation of "molecular complexes" at composi- 
rresponding to sharp inflections in molar plots is 
completely unjustified, Such inflections arise through phase 
changes in the state of the more expanded monolayer component. 
2, In the syskems studied by this group, a thermodynamic 
by Shah and Schulman may play a partial role. Present efforts 
are directed towards established improved experimental data and 
theoretical treatment, particularly with regard to gaseous films, 
c. Film Substrate fnteractions, Where interaction between 
the aliphatic chains of amphipathic molecules and aqueous sub- 
strates are possible, addition of various substrate additives 
produce enhanced interactions and expansion effects. Coupled 
with this, there appears to be a reduced ability of the polar 
groups to orient the substrate 1-noleeules. 
:&en t h e  fill'iz i s  condensed, only t h e  po la r  group i n t e r -  
a c t i o n  is evident ,  Such s t u d i e s  nave enabled us  t o  e v a l u a t e  
the r o l e  of  s u b s t r a t e  i n  e s t a b l i s h i n g  t h e  state o f  a 
monolayer, 
d. Theore t i ca l  S tudies  (Frank Tsien)  
An a t tempt  is being r,~aGe t o  d e r i v e  t h e o r e t i c a l  
equat ions f o r  long chain s a t u r a t e d  a c i d s  i n  t h e  region  of 
low and in termedia te  spreading p ressu res  ( t h e  gaseous 
and t h e  l i q u i d  expanded s t a t e s ) ,  The s a t u r a t e d  a c i d s  a r e  
assumed t o  be ro+ l ike ,  The a t t r a c t i v e  t e r m  thus  der ived  
w i l l  be dependent on t h e  following y u a n t i t i t e s s  t h e  n m b e r  
of carbon u n i t s  i n  t h e  chain ,  t h e  degree of i n c l i n a t i o n  of 
t h e  rod- l ike  a c i d s  wi th  t h e  air-water  i n t e r f a c e ,  and t h e  
d i s p e r s i v e  i n t e r a c t i o n  of  t h e  carbon-carbon u n i t s .  
u x i l l i a r y  ex.?erimental d a t a  w i l l  he performed i n  
t h e s e  regions i n  supplement t o  the e x i s t i n g  da ta .  I n t e r -  
c o r r e l a t i o n  between t h e  exper i aen ta l  d a t a  and theory w i l l  
shed l i g h t  on a l l  t h e  above inentioned q u a n t i t i e s .  The 
w i l l  g ive  an account of t h e  interciependence on t h e  number 
of  hydrocarbon u n i t s  i n  t h e  chains  and t h e i r  degree of 
i n c l i n a t i o n  with t h e  sur face .  Deuterated and protonated 
s a t u r a t e d  a c i d s  w i l l  give a aagni tude of t h e  d i s ~ e r s i v e  
i n t e r a c t i o n  of t h e  carbon-carbon u n i t s  and an i n d i c a t i o n  
on how far the  theory wil; be v a l i d .  
c. 3 a c t e r i a i  Lip ids  ( J u d i t h  E, Csonka) 
I n i t i a l  investicja%ions of file f i l m  ~ 3 r o p e r t i e s  of 
thermally r e s i s t a n t  b a c t e r i a l  l i p i d s  c l e a r l y  i n d i c a t e  the 
f e a s i b i l i t y  of  t i re  s tudy of such :;laterials as inso lub le  
monolayers a t  t h e  air-water  i n t e r f a c e ,  Unfortunately,  t h e  
unknown coi-,~posi%ion p lus  inc reas ing  fPLrr: l o s s  with increas-  
ing  su r face  -sure prevent  a precise d e f i n i t i o n  of  such 
s y s t e m  a t  t h e  molecular l e v e l .  Provided a s u i t a b l e  
sepa ra t ion  of the var ious  l i p i d s  can be c a r r i e d  o u t ,  an 
atteriipt w i l l  be made t o  r e l a =  the o v e r a l l  behavior wi th  
t h e  su r face  p r o p e r t i e s .  P a r t i c u l a r  a t t e n t i o n  w i l l  be pa id  
t o  t h e  s a t u r a t e d  branched chain l i p i d s ,  This  work i s  
being c a r r i e d  o u t  i n  cooperat ion w i t h  3r. 11, Weinen of t h e  
Aiizes Research Center of M.A, I; ,A,  
D . A. Cadenhead, "~.lonoirtolecular F i l r ~ s  a t  t h e  2iir-Tlater 
I n t e r f a c e  : S0i2e P r a c t i c a l  Tqpplicatio and Eng, 
Chem, - 61,  22 (1369) 
D. A. Cadenhead, Ei, So Deinchak, '@A kJe1~7 2epresenta t ion  of 
Condensation %f f e c k s  i n  llixedi :lonolayers. P a r t  I. 
F i ln t s  of E l a i d i c  A c i C  and Choles tero l  on Aqueous 
Glycerol Subs t ra t e s" ,  J, e r f a c c  Sci. 
30 ,  76 (1959) 
-
D. A. Cadenhead and Tc. J. Uemcirlak, 'Observations and Imp1is- 
facas" , V o l u ~ ~ e  f I ,  1969, puhl i she6  by t2re. Agesican 
CflemicaE Society.  
D o  A ,  Cadenhead, ilonolayers of Synthe t i c  Phospi~ol ip ids"  , 
Chapter i n  book, "Recent Progress  i n  Surface  Science",  
VOL rxx, ~ ~ 6 9 ,  
D . A, Cadenhead, "llenllsrane i2elateci S t a t e s  of I!onorsolecular 
Filzsa? and "Monokayer-Substrate I n t e r a c t i o n s " ,  3,  
Anex-, O i l  Chcnn, , (1369) In. 3ress. (dotes  on subjects) 
D, A. CzaCenilead, '5fono;nolecuZar Piliila " , Byonen (Surf ace) 
( i n  press*) 
D, A. Cadenhead and J u d i t h  E. Csonka, "The Z f f e c t s  of  
E thanol  on condensed and 73xpande0, : 'lonolayers at t h e  
A i r - b j a t e r  S u t e r f  ace", J. C o l 9 0 i ~ i  I n t e r f a c e  Sci. i n  p e s s ,  
6 ,  PAPERS P3rS SEXINARS PRESENTED: ~JE~ETINGS ATTB'CJDED: 
0 ,  A ,  Ca~enheaC i n v i t e d  member of  d i s c u s s i o n  group, " I n t e r -  
n a t i o n a l  ne~~abrane ~ lorkshop" ,  2Qrierican 3il Cnecists 
Soc ie ty ,  & > r i l ,  1963, 
9. A.  CaileiiiieaG. ?resented a se!.ainar, ' Phys i ca l  S t a t e s  of 
41er.branc Lipi i is  '" , Depar'ctnen-t of  Ckerzistry , Unive r s i t y  
of C a l i f o r n i a  , San ta  d a r b a r a  , f..lov~2'nber, 196 9 
D. A. Cadeni~ead @resen ted  a seminar,  T e l l  i lerd~rane S t r u c t u r e  ", 
~ e ~ a r t ~ a e n t -  o f  Zoology, u n i v e r s i t y  of  C a l i f o r n i a ,  davis, 
* 
19G9. 
D. A,  Caci;enZ~ead ? resen ted  a sserninar , "~:ono:noleculi~r Fil:.~s 
of I n d i v i d ~ n a l  , ierarane Co:l?onents", Department of 
Chelaistry, Un ive r s i t y  of l.forthern Arizona,  Flagstaff , 
dovenber , 196 9 
D, A .  Cadenhead ;?resented a s c ~ ~ i n a r  '%~ot.ie App l i ca t ions  o f  
Z':onort~olecular Filr.1 StucZies " , Ford "otor Cor@any, 
Dearborn, r 'liehigan, L)ece~.~Scr, 1369, 
D. A .  Cadenhead Chemistry 512 - f o r  g radua te  s t u d e n t s  
D,  A.  Cadenkead 1969 Chairaan of  ducati ion Coa-  
m i t t e e  of  t h e  2S~terican Chel~iical  
S o c i e t y  D iv i s ion  of Sur face  and 
Co l lo id  Clie:rtis t r y  

,%PORT .- Sub-group Qn PaCBPTO,.; Si2iIUCTUFa, FeSf:CTIOFJ XdET 
ISOL*ATIOT;I 
Convenor - Do 3 ,  Triggle  
The i n t e r a c t i o n s  or' neur0t . r  ansmi t t a r s  (norepinephrine 
and ace ty lcho l ine )  with t h e i r  corresponGing recep to r s  and 
the r e l a t i o n s h i p  of  t h i s  i n t e r a c t i o n  t o  t h e  subsequent 
phys io logica l  and biochemical rcsi3onses: t h e  r egu la to ry  
p r o p e r t i e s  of c e l l  raei~hranes : gelieral cons idera t ions  o f  
t h e  zlechanisms by which smal l  molecules a f f e c t  t h e  prop- 
e r t i e s  of n a e r o ~ ~ o l e c u l e s  and nacro~nolecular  asses~&lages, 
2 ,  FINAIJCIAE SUPPOBT: 
N I H  ( G k I  11603, liE 09336) 
NASA (NGR 33-015-016) 
United h'ealtl-r Foundation of Yestern New York 
W e r i c a n  Associat ion of Colleges of Pharmacy (Under- 
graduate  Research Award) , 
3, FACULTY AZdD OTHER -- - PARTICIPAKfTS - - - - .- - : 
J,F, i~loran A s s i s t a n t  Professor ,  
School of Pharmacy (3 iochenica l  
Pharmacology) 
D. R. Garrison Technician, Center f o r  Theoretical. 
Biology 
Student  P a r t i c i p a n t s  : 3 ,  Avner - Biochemical Pharmacology 
K, Janis 3iochcnica l  Pharmacolo$y 
I<. Chanq - Biochernical Pharmacology 
R,C,  Deth - undergraduate 
I n  cont inuat ion  of work on t h e  i n t e r a c t i o n  of 
cho l ine rg ic  l igands  with t h e  cho l ine rg ic  r ecep to r  w e  have 
es tabl i s l ied  the  ex i s t ence  of a  nnul t ip l ic i ty  of  i n t e r a c t i n g  
binding sites at which a c t i v a t i o n  o r  antagonism may be 
produced (Sect ion 5 Ref, ) These f ind ings  have in-  
p o r t a n t  implications f o r  t h e  genera l  i n t e r p r e t a t i o n s  of  
s t r u c t u r e - a c t i v i t y  da ta  of l igands  a c t i v e  i n  t h i s  system, 
Q u i t e  genera l ly  i n  t h i s  syster~l tlre f i n d  t h a t  b4e r ecogn i t ion  
sites d i s t i n g u i s h  between p o l a r  and nonpolar l igand 
s t r u c t u r e s  and t h a t  progressive i n c r e a s e  i n  l igand non- 
p o l a r i t y  causes progressive inc rease  i n  an tagon i s t  a c t i v i t y ,  
I n  t h e  adrenergic  Bystern we have devoted cons iderable  
e f f o r t  t o  e luc ida t ing  the  nature of events  i n i t i a t e d  by t h e  
a c t i v a t o r  (norepinephrine) - ZTceptor interacti.on. Our 
genera l  approach is again through t h e  use of i r reversxbi ,  
an tagonis ts .  Our s t u d i e s  i n d i c a t e  ulat i n  t h e  smooth 
muscle systems employed w e  musk regard t h e  adrenergic  a- 
s i te  c o n t r a c t i l e  response 
and t h a t  a c t i v a t i o n  of A au tomat ica l ly  a c t i v a t e s  B and 
l eads  t o  response. Coupled with our previous s t u d i e s  on the 
q u a n t i t a t i o n  of a c t i v a t o r  -a - r ecep to r  i n t e r a c t i o n s  
(Xol, Phar~nacol,  - 3 ,  15,  2 8  1967) it appears t h a t  the  
ac t iva to r - recep to r  i n t e r a c t i o n  i s  de te rn inan t  f a r  t h e  e n t i r e  
sequence of events  leading  t o  t h e  adrenergic  a-receptor  
response,  
Over the  p a s t  few years  t h e r e  has  been an increas ing  
awareness of  t h e  r o l e  t h a t  t h e  cell  membrane p lays ,  n o t  only 
as a permeabi l i ty  b a r r i e r ,  b u t  as one s i t e  of a  number of 
regula tory  p r o p e r t i e s  inc luding  n e u r a l  t ransmission and 
conduction processes .  t J e  have a l s o  pa id  g r e a t e r  a t t e n t i o n  
t o  khe cell  membrane and a  number of j o i n t  meetings of t h e  
" receptor  groups and "nenbrane groups" have taken p l a c e  
which have been of sor;ie i n t e r e s t .  ilrnong t h e  i r q o r t a n t  
t o p i c s  t h a t  have been discussed arc t h e  r o l e  of l i p i d s  i n  
l i p i d - p r o t e i n  i n t e r a c t i o n s  (see pub l i ca t ions  no, 9 an6 101, 
t h e  e f f e c t  of ~ a + '  i n  l i p i d - b i l a y e r s  and ra~rtlbranes and h e  
problem of pheroraone recogni t ion ,  T!e i n t end  t o  cont inue 
t h i s  c l o s e  co l l abora t ion  i n  t h e  coming year  and have 
j o i n t l y  planned a two-day symposium (Xay 13, 1.3, 1970) on 
S t r u c t u r a l  and! Functional Aspects of C e l l  f3ei8ibranes, I n  
Departn~ents of Eioche~l is  t r y  and Biocheuical Pharmacology, 
on Cholineryic  Ligand I n t e r a c t i o n s  9ri.11 t ake  p lace .  
Future developments i n  t h e  r ecep to r  a r e a  a r e  d i f f i c u l t  
t o  p r e d i c t :  however, an unquestionably va luable  approach a t  
both the  t h e o r e t i c a l  and experimental  l e v e l s  cont inue 
Lo be t h e  analogies  wi th  r egu la to ry  phenomena i n  enzyxe 
systems, 
5, PUBLICATIONS: 
J,F. 24oran, C.R, T r igg le  and D,J, TriggPe, "tlechanism of 
Action of a-Halogenoethylamines a t  t h e  Adrenergic a- 
Receptor, J. Pharm, Pharmacol., - 2 1 ,  38 (1969) 
D,R, Garr ison,  '1. Ilay, H.F .  Ridley and D, J. Tr igg le ,  
"Studies  on t h e  Cholinergic  Receptor 11", J. Med, 
Chza,, l2, 130 (1969) 
14, May, 13, F. Ridley and D, J, ~ r i g ~ l e , ' ~ ~ t u d i e s  on t h e  
Cholinergic  Receptor III", J. Med, Chern., - 1 2 ,  320 (1969) 
He F. Ridley,  S. S. C h a t t e r j e e ,  J, F. Moran and D. J. 
Tr igg le ,  "Studies  on t h e  Cholinergic  Receptor I V " ,  
J. Med. Chem, - 12, 931 (1969) 
S, Vickers,  P. Hebborn, J, F. t~loran and D ,  J. T r i g g l e ,  
"Synthesis and Evaluakios of EsteEsrof N,N-bis-2- 
chloroethyl-p-aminophenol a s  p o t e n t i a l  ant i tumor agents"  
J o  Med. Chen. - 12, 491 (1969) 
D. J, Tr igg le ,  H,  F. R*dley and D, M, D e M a i o ,  "3-Alkoxyestra- 
1 ,3 ,5  (10) trien-17-8-ols", J, Pled, Chen. - 1 2 ,  345 (1969) 
D,  J, Tr igg le  (Ed, A. Berger) ,  "The Adrenergic Hormone" i n  
$Iedicinal Chemistry, J, Hiley 1969) 
J. F, Iuloran and 0. J, Tr igg le  (Ed. J, F. ~ a n i e l l i )  , "Funda- 
mental Concepts i n  Drug-Receptor In te rac t ions i ' ,  
Academic Press  (1969) 
D ,  J. Triggle ,  "Some Aspects of t h e  Role of Lip ids  i n  
Lipid-protein I n t e r a c t i o n s  and ce l l  membrane S t r u c t u r e  
and Function." Prog. Surface Science - 3,  ( i n  p r e s s )  
6, PAPERS AND SEI-'IINARS PRESENTED : PIEZTINGS ATTENDED : 
Seminars were presented by D. J, Triggle  a t  t h e  Universi ty  
of frlinnesota, Ohio S t a t e  Universi ty ,  Universi ty  of Ott ?#?a, 
Universi ty  of Edmonton and San Francisoo Medical Center 
dea l ing  with a spec t s  of t h e  work descr ibed under Sect ion  4, 
D ,  J, Triggle  a t tended t h e  Symposium on Quantum Biology, 
B a t t e l l e  I n s t i t u t e ,  S e a t t l e ,  October, 1969 
;.I?, 405/406 undergxaGuate 
i?izarr?scology 
3 . P -  320 uncierqraduate 
I?..lar.racology 
3P/1,2 C130/630;2, Graciuate, 
' . i~olecuJ_ar ;asis of Ceh::rical 
'i'ransxi.ssion Process, 
Liocherr, 446,  General 
3iocnei-t1is try 
2:ioci.lerLi, 50 3 ,, Student Sertrinar 

=PORT -. Sub-group on CELL MEl4B ES AND &EMBRAME FUNCTION 
Convenor - Charles  Pyenner 
1. DEFIIJITImq OF FIELD OF %PITEREST: 
Theore t i ca l  and experimental  work r e l e v a n t  t o  t h e  
understanding of c e l l  membranes. 
2, F INABICIAL SUPPORT : 
M I M ,  American Cancer Soc ie ty  support .  
3 ,  FACULTY AND OTHER PARTICIPANTS: 
Charles Akers Roswell Park Memorial I n s t i t u t e  
Donald F, Parsons Roswell Park 31emorial I n s t i t u t e  
Jagneswahr Saha Roswell Park 3'lemorial I n s t i t u t e  
4 ,  RESEARCB PROGWvI 
Our r e sea rch  program involves t h e  s tudy of t h e  dynamic 
a s p e c t s  of c a t i o n  and organic  s o l u t e s  ac ross  n a t u r a l  membranes, 
and our  emphasis i s  on lnitochondrial  membrane funct ion  and 
i ts  r e l a t i o n  t o  energy genera t ion  and u t i l i z a t i o n ,  Our goal  
i s  t o  understand t h e  molecular even t s  respons ib le  f o r  t r a n s -  
p o r t  i n  b i o l o g i c a l  systems, and as p a r t  of t h i s  s tudy,  w e  
n a t u r a l  membranes, Another airn i s  t o  e s t a b l i s h  what elements 
of previously proposed models of membrane s t r u c t u r e  a r e  
uni fy ing  f o r  tile demonstration of common membrane func t ion  
and conversely t o  l e a r n  what are t h e  necessary components 
which lead  t o  spec ia l i zed  aembrane funct ion .  
The Elec t ron  Optics Laboratory of the  Roswell Park 
Memorial I n s t i t u t e ,  headed by Dr, D, F. Parsons,  i s  engaged 
in a program of development of the electron microscope for 
the purpose of obtaining more informative electron images of 
cell membranes, The development program involves NIW, NSF 
and the American Cancer Society support for the development 
of a 200 kV electron microscope for electron diffraction 
and imaging of cell membranes in the hydrated state, the 
development of a phase contrast microscope and srnall angle 
X-ray diffraction of cell membranes. 
C. K. Akers and D, F. Parsons, "X-ray Diffraction of Xyelin 
Xvlembrane, I: Optimal Conditions for Obtaining Unmodified 
Sntall Angle Diffraction Data from Frog Sciatic Nerve", 
Biophys. J., in press (1969) 
C. K. Akers and 3, F. Parsons, "X-ray   if fraction of &Iyelin 
Flerrtbrane, XI: Determination of the Phase Angles of 
the Frog: Sciatic Nerve By Heavy Atom Labeling and 
Calculation of the Electron Density Distribution of the 
Nemb ophys. J., in press (1969) 
C. E. Park and C. B e  Wenner, "Mitochondria1 Lipids of 
Ehrlich lettre ascites tumor cells", Onc~logy, in press. 
J. Saha, D, Papahadjopoulos and C. E, Wenner, "Studies on 
Hodel Plembranes: X. Effects of ~ a + +  and antibiotics on 
permeability of ca-lipin liquid-crystalline vesicles", 
R, C- Fdoretz, C,  K, Akers and B. F, Parsons, "Use 02 Small 
Angle X-ray Diffraction to investigate Disordering of 
fi5exabranes during Preparation for Electron Microscopy. 
1: Osmium Tetroxide and Potassium Pexmanganate, Biochirn* 
Siophys, Acta, 1934 1-11 (1969) 
-
2. C. Moretz, C, X. Alrers and D. F. Parsons, ''Use of Small 
Angle X-Ray Diffraction to Investigate Disordering of 
2lembranes during Preparation for Electron ~~licroscopy, 
11; Aldehydes, Biochim. Riophys. Acta, 193: 12-21 (3969) 
-
R. 6. Moretz, G. Hausner, K. M, Johnson and D. F. Parsons,  
"Design of a W e t  Spechen  Chmber f o r  I n v e s t i g a t i o n  of 
Hydrated Specimens i n  t h e  Elec t ron  Clisrosc~pe;'Biophys, 
J. - 9: A-194 (1969) 
D, F .  Parsons, '$Electron Imaging of Bio logica l  Mate r i a l s  i n  
t h e  I n t a c t  S t a t e " ,  Biophys. J,, 9: A-195 (1969) 
D. F. Parsons, "X-ray D i f f r a c t i o n  of Membrane S t r u c t u r e  
Changes Occurring During E.M. Specimen Preparat ion",  4 
(Abstract)  Proc, Elec t ron  Microscope Socie ty  of America 
(1969) 
D. F. Parsons, and C. K. Akers, "Neutron D i f f r a c t i o n  of C e l l  
Nembranes (~ye l in ) ' :  Sc i .  165: 1016 (1969) 
-
D. F a  Parsons and C ,  K, Akers (Abstract)  "Meutron D i f f r a c t i o n  
of C ~ 1 1  4ennbranes (Nyelin)", 3. C e l l  Biol. ,  (1969) 
R. C. kilore& and D. F. Parsons, "Modification of t h e  Elec t ron  
MicrosOope f o r  Inves t iga t ion  of Fu l ly  Irydrated Biolog- 
i c a l  Specimens", Proc. Electron Microscope Soc- of 
America ( ~ b s t r a c t )  (3.969) 

Convenor - J, F, a a n i e l l i  
,-. lie ,. bes ign  of a b i r i l ~ l e c u l a r  i?oly..!er :?eitlurane f o r  u s e  
i n  p u r i r ' i c a t i o ~ ~  water, 
3 .  FACULTY .AND OTIZZR PARTICIZXi.?TS 
- 
- 
~-i 5' Cul l inan  jr 24ssociate P r o f e s s o r  , 
Facu l ty  02 Zncjineering and 
2ippliefi Sc i ences  , 
(Che:,lical Zngineer ing)  
R ,  J, Good P ~ o Z e s s o r ,  
Facu l ty  o.E Engineer ing anti 
kpplieG Sc iences ,  
(Chemical Zngineer ing)  
J, A ,  dowell 2 ! s s i s t an t  P r o f e s s o r  
Facu l ty  o f  Engineering and 
Applied Sc i ences ,  
( C h e ~ ~ i c a l  Engineer ing)  
. K . F ,  0' Uriscoll Professox ,  
Facu l ty  o f  3ng;neering and 
R p l i e Z  "ienccs , 
(Chernieal Ynginser ing)  
B , J .  T r i g g l e  P r o f e s s o r ,  
Sctlool 05 PlitariitaC~ 
S, ~lel ler  P r o f e s s o r B  
Fa-culty of  Angineering and 
Zmplieci Sc i ences ,  
(Ci~erxical Znyineerincy ) 
The f a c u l t y  1istec.k above have dravn up a draft grant  
ap;3S,ication, par t  of which i s  given helow. The ir?pler.~en-kation 
of t h i s  proi30sal i s  now being discussed n.~i&h t h e  Of f i ce  of 
2 .  S c i e n t i f i c  Obieetive: 
S ~ U G ~ ~ ? S  031 c e l l  -aeii$3ranes have shol~n t h a t  biley can 
provide t h e  b a s i s  f o r  very e f f i c i e n t  ion  t r anspor t .  The 
continuous u n i t  af s t r u c t u r e  i n  cel l  nteuli~ranes i s  a b i -  
r ~ o l e c u l a r  l i ? i d  l e a f l e t ,  Such l e a f l e t s  a r e  t o o  f r a g i l e  t o  
be of va lue  Tor inGust r ia1  p u r i f i c a t i o n  of iaatsr ,  Our 
o b j e c t i v e  i s  t o  prepare b i ~ : ~ o l e c u l a r  poly:>?er mef i r anes  , s i -3 i l a r  
i n  b a s i c  s t r u c t u r e  to  c e l l  :nez;ll~raize..;, and dependent for 
phys ica l  s t a l ;> i l i ty  on tlie sale  ;?hysical p r i n c i p l e s  t h a t  a r e  
respons ib le  f o r  t h e  s t r u c t u r e  of cell  merr,branes. I t  i s  
expected t h a t  r ep lace r~en t  of 1 i ; ~ i c i  : ~ o l e c u l e s  by appropr ia t e  
polylaers w i l l  provide x~:clzanical p r o p e r t i e s  appropr ia t e  t o  
i n d u s t r i a l  S i tua t ions .  
3. ~ . e l evance  t o  S a l i n e  ::at@r Conversion: 
~ i o ~ ~ ~ o l e c u l a r  po yi.zer r~et&ranes, provided with appropriake 
s a l t  r'roi,~ water ~ ~ h i e t l  i s expeoteu t o  be an order  of nagni- 
tude inore e f f i c i e n t  than existi izq me~~~branes ,  
4 ,  S c i e n t i f i c  J u s t i f i c a t i o n :  
If a 5imolecular polyrrier ixeL;tbrane of t h e  type envisaged 
here can be synthcs ised  it w i l l  provicie a new b a s i c  type of 
:ilei!<~rane f o r  i n d u s t r i a l  use!. '2;lis i,~e::brzme i n  i t s e l f  w i l l  
be r e l a t i v e l y  inlpermeabLe, but  can he given a sai6.c v a r i e t y  
of s p e c i f i c  t r a n s p o r t  p r o p e r t i e s  by secbndary :aodif icat iona,  
-111- 
t h e  na tu re  of which is o u t l i n e d  below, One such modif ica t ion  
can be used f o r  t h e  renoval of s a l t  Erom water ,  
The baclcground froin whicli t h i s  p r o j e c t  a r i s e s  i s  a s  Eollotrs: 
I f  a menbrane is  t o  be s e l e c t i v e l y  permeable, it u u s t  be 
f i r s t  h ighly  impermeable t o  most d i f f u s i n g  spec ies ,  and 
provide a s p e c i a l  s t r u c t u r a l  f e a t u r e  a ~ l ~ i c h  f a c i l i t a t e s  
perrileation of a smal l  number of molecular s p e c i ~ s .  C e l l  
plasma rnembrancs are a remarkable extir!~ple of such s e l e c t i v e  
~~1-4.xaizes, wi th  a11 the necessary f e a t u r e s  b u i l t  i n t o  a 
0 
meri-brane usua l ly  less t h a t  130 A t h i c k ,  Let  us  consider  what 
iday be l e a r n t  froin sucfi ~nen&ranes, f i r s t  v i t h  r e s p e c t  t o  a 
genera l  i~wgerrneabilifzy and then  with r e s p e c t  t o  s e l e c t i v e  
p e ~ r ~ ~ e a b i l i t i e s ,  
The impermeability of cel l  membranes i s  due t o  what, 
opera t iona l ly ,  appears  t o  behave as a continuous hydrocarbon 
0 
phase about 40 A thiclr, This i s  cons t ruc ted  mostly of  
l i p i d s ,  usua l ly  having hydrocarbon chains  about 16 carbons 
long. The major f a c t o r  deter~l\ i i i ing t h e  r a t e  a t  r ~ i z i c t i  hydrogen 
the r a t e  a t  which t h e  hydrogen Sonas bettaeen s o l u t e  and 
taatex can be broken a t  t h e  :lyJrocarbon.-water i n t e r f a c e  
( ~ a n i e l l i ,  1941).  Since t h e  r a t e - d e t e r ~ ~ i n i n g  s t e p  is  usua l ly  
a t  t h e  membrane--water i n t e r f a c e ,  an inc rease  i n  th ickness  
of t h e  r~~efi&rane, ven by a f a c t o r  of a hunGred f o l d  o r  nore ,  
w i l l  n o t  i n  a o s t  cases  f u r t h e r  diminish t h e  permeabi l i ty  of 
t h e  xeftIh,rane, i , e ,  w i l l  no% reduce t h e  s i r tple  d i f f u s i o n  f l u x  
acjross it below t h e  value found f o r  a membrane of molecular 
th ickness ,  
The b a s i c  u n i t  of s t r u c t u r e  a t  t h e  continuous l i p i d  2hase 
i s  a b ino lecu la r  l e a f l e t ,  a s  i n  f i g .  PA, A s t r i k i n g  
p e c u l i a r i t y  of cel l  membranes, and of phospholipids i n  genera l  
i s  t h a t  under most -experiraental condi t ions  t h e  l i p i d  moiety 
is only two molecules t&ic;c, Even when lagge a?.nounts of  
non-polar material are addec? t o  such x~crnbranes, they usual ly  
do n o t  inc rease  i n  thicleness, remaining bimolecular.  The 
reason f o r  t h i s  i s  t h a t ,  i f  such a ~;iembrane does t r a n s i e n t l y  
incorpora te  hlrdrocarbori and Secorae "ciclcer than bimolecular,  
t h e  inc rease  i n  th ickness  r e s u l t s  i n  t h e  formation of a 
randoi:~ly o r i en ted  phase between t h e  two o r i e n t e d  su r face  
inonolayers ( f i g ,  XB). A t  t h e  i n t e r f a c e  between t h e  random 
and t h e  o r i en ted  molecules t h e r e  is  a e i s c o n t i n u i t y  of 
interirzolecular f o r c e s ,  anG consequently a s u r f a c e  f r e e  
energy y 2 
o / r  ' approxil:~ately 10 ergs,/cr;l . Since t h i s  f r e e  
energy Yo/r d isagpears  i f  the  muribrane becomes bimolecular , 
t h e  s t a b l e  conf igura t ion  is Simolecular,  and i n  f a c t  t h e  
bimolecular mercbrane i s  a n a t u r a l  u n i t  of s t r u c t u r e  
An i r ? ~ o r t a n t  p o i n t  v~hicli must now be ma& is t h a t ,  i 9  
i n  t h e  proposed s y n t l ~ e t i c  ~~elnbranes  r e l i a n c e  i s  t o  be 
placed, n o t  on sihriple d i f f u s i o n ,  b u t  on s p e c i a l  b u i l t  i n  
t r a n s p o r t  inechanisins, it w i l l  be ativantageous t o  r e t a i n  t h e  
Simolecular th ickness ,  Tnis w i l l  be done provi3ed t h e  polyners 
have hydrocarbon chains  arranged i n  t h e  polymer ~ a o l e c u l e  
i n  such a way t h a t  an oriented hydrocarbon chain phase i s  
fcrrned when t h e  polyrfier molecules axe assembled i n t o  a b i l a y e r ,  
wafer 
water 
water 
Fig. / A  
9 
polat group 
oriented random oriented 
hydfocarbon ' 
b 
number ~f m04ecules 
* Mote: The reason for the ;opid rise in membrane free energy 
os the thickness fallr below bimoleculor is given in Danielli 
(1966: 1968). 
Thus t h e  r a t i o n a l e  proposed here  is; - 
1, To inc rease  t h e  p o t e n t i a l  f l u x  by rimking a rnesdxane 
approximately ~ P T O  molecules t h i c k ,  using p r i n c i p l e s  l e a r n t  
froln t h e  stuGy 
2 ,  To o b t a i n  a genera l  ilnperrneability t o  2 o l a r  s o l u t e s  
by forlaation of a continuous hydrocarbon phase i n  the rneiilbrane. 
3 ,  To r e l y  upon t h e  term y 
o / r  t o  s t a b i l i s e  t h e  th ickness  
a t  b L ~ ~ ~ o l e c u l a r ,  
4. To inc rease  t h e  rlechanical strengtlz above t h a t  found 
i n  b i l a y e r s  by asseabl ing  t n e  irie~~brane froz=l poly 
l a t e r  c ross- l inking  i f  necessary.  
5 ,  To ensure t h a t  t h e  hydrocarbon phase i s  i n  t h e  l i q u i d  
s t a t e  ( t o  promote s e l f - r e p a i r  of t ransie~ll t  ho les ,  and 
ensure d e s i r a b l e  perneat ion  
t h e  chain length  of t h e  hy haino. 
6 -  To g ive  rise t o  a h ighly  s e l e c t i v e  p e m ~ e a b i l i t y  t o  
c e r t a i n  s o l u t e  spec ies  by secondary sizodification of  t h e  
assernbled aerabrane. 
r e l eva  
5 ,  Procedure: 
-- 
ed.u r c t  groups:: - 
Group I. h v e  1opinen-t 
Group XI, Secondary modifications t o  secure  s e l e c t i v e  
- 
Secondary liiodi f i ca t ions  to puoduce re levan t  
!!or!r can be done on 9 and II i n  p a r a l l e l ,  bu t  ?robably 
111 should be deferred u n t i l  progress  has Seen made xaith I. 
I. - Development of a b a s i c  i.~enbrane, - The b a s i c  s t e p s  a r e  
1. bu i1d . space - f i l l ing  !:nociels and s e l e c t  polymers f o r  
s y n t h e s i s  with s u i t a b l e  geonetry,  
2.  syntlaesise s i x p l e s t  s u i t a b l e  polymers 
3 .  study membrane formation and pe r? -~eab i l i ty  p r o p e r t i e s  
4. study systerc p r o p e r t i e s ,  e s p e c i a l l y  design of suppor t  
b ~ a t e r i a l  and hy~rociynanics 
5. b u i l d  p i l o t  s c a l e  sys ten .  
11, S e c o n d ~ l i o d i f i c a t i o n s  f o r  S e l e c t i v e  High Flux, 
Our p resen t  thinking i s  t h a t  t h i s  w i l l  b e s t  be done by 
devclopiny cage-l ike z ~ o l e c u l e s ,  t o  provide e i t h e r  f o r  i o n  
f l u x e s ,  o r  water f l u x ,  The  b a s i c  s t e p s  are: 
1, b u i l d  models of cages and s e l e c t  r e l e v a n t  types t o  
4- 4-4- g i v e  s e l e c t i v e  f luxes  f o r  eg. water ,  Ida', R , Ca , Z'ig ++, C1-O 
2 ,  syn thes i se  cages 
3 ,  c a l c u l a t e  inc rease  i n  f l u x  expected w i t 1 1  s p e c i f i c  cages,  
6, study cage behaviour,  t r a n s p o r t  p r o p e r t i e s ,  and 
s t a b i l i t y  problems i n  p i l o t  o r  p re -p i lo t  asserrcl ies ,  
I I I , - Development of Asyrw'~e t r i c  iiieinbranes 
Tfe s l z a l l  not  attempt t o  work ~ u t  a 2rocedure u n t i l  progress  
has been aade with I. 
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i.JOPtKI?JG PAZTY REPORT 
BCIIAVIOEWL STUDIES 
Chairman: J. F.  Daniel l i  
The development of this program, desirable though it 
is, has Seen postponed for lack of funds. 
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Iniiividual 3eport - STF..tJCTU;IZ AN3 FUYCTI3Y OF i:ii-\C2O'?.OLECULES 
:1. 3erechin and C. Rzrnard 
1. DEF1f;ITIOPT OF FIELD OF INTEgEST: 
- - 
The relationship between structure an;; function of 
nacro:rtolecules with special reference to self-associating 
systens. Ultracentrifugation, 
2 .  FIMAIICIAL SUPPO2T : 
Support was receivec! from graduate school funds and 
institutional ressarch funds, as well as from the Center 
for Theoretical biology. 
3 .  FACULTY A':U OTRER - PARTICIPANTS: - 
X. Derechin 
Eric Barnard 
4. RESEARCH PROGR%',I: 
Assistant Professor, 
School of NediCine (Biochemistry) 
School of Pharmacy, (Biochemical 
Pharmacology) 
Professor, 
School of Xedicine (Diochemistry) 
- -  
The main areas of experimental researcb during 1959 
were a) the quarternary structure of hexakinase by means of 
sedinentation e q ~ i l i b r i u r ~ ~  b) studies on chp-ot~ypsinoge~ .. 
and chymotrypsin from the turltle and c) studies on hemltin. 
Research into the theory of self-associating systems 
was done an4 results of this work h m  bean ~ublished. A 
theoretical treat3ent was developed which allow3 the cal- 
culation of equilibril~m cor~stants of ideal and non-ideal 
self-associating syslems. The theory is hein? further 
developed at present in order to define methods for their 
cori~putation. The theory is being experiraentally applied 
us ing  l y s o z p e  as a nociel, 
i J iodif icat ions  of t h e  a n a l y t i c a l  u l t r a c e n t r i f u g e  f o r  
sed imenta t ion  e q u i l i b r i u ~ 2  s t u d i e s  have been developed and 
publ ished.  
E. A,  Barnard. A model of ~ h p o t r y p s i n  w a s  b u i l t  a t  
t h e  Center  f o r  T h e o r e t i c a l  S io logy  from publ i shed  co -o rd ina t e s  
f o r  u s e  i n  r e s e a r c h  and teach ing .  I t  i s  used t o  exanline 
t h e  i n t e r a c t i o n s  i n  t h e  a c t i v e  c e n t e r  of t h e  enzy.\e. 
5 .  PUBLICATIONS: 
Derechin,  1%. ' ; l o d i f i c a t i o n  of t h e  ?model Z A n a l y t i c a l  U l t r a -  
c en t r iguge  f o r  Sedimentat ion Equi l ih r iu~r !  Study- ' ,  
Rna ly t ,  Biockano - 28,  335 (1359) 
Derechin,  !.,.:, , "Self -Associa t ion Systems, 11, Tlultinonzial 
Theory f o r  Eon-ldeal  Systems.'" Giochem. 8, 921 (1969) 
- 
Derechin , d. "Se l f  -_P_ssociating .Systems, I1 I, lu1t ino;nia l  
Theory for I d e a l  Systems Using t h e  Z-average hlolecular 
S?eight", Biochem. - 8,  929 (1969) 
Elerechin LC. , TJ. 1:ioekel and E. A. Barnard, "Sedimentation 
Zquil ibriur?,  S t u d i e s  of Sorcta T u r t l e  Clrw!o+ryp~ins'~ , 
B,BoA,  - 191,  379 (1969) 
Barnard, E. A. 'Ribonuclease",  Ann, Rev .  Eiochake, V c l  3 e ,  
677 (1969) 
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Courses par.t.icipated in by Center r?crnlsers: 
K, W. Jeon 
V. S .  Vaidhyanathan 
L. P/i .  Bianchi 
Bianchi and Hamann 
M. Danielli - J.F. Danielli 
M. Danielli 
J.R. Hamann 
Yac Hammond 
E. 14. Segal 
Robert Rosen 
Robert Rein 
3 ,  Hoogeveen 
C. Jung 
S. Ohki 
D. Papahadjopoulos 
C. Wenner 
D. Wobschall 
D. A. Cadenhead 
Frank Tsien 
Departsent and Course # 
Siology 125 
Biophysics - spring 
Coordinated Seminars - Biology 
Selected topics - Pharmaceutics 
FS 119 
COB 405 
NSE4 470 
Future of Man 
Communications College - The 
~andala , Fqadagascar and Modern 
Times 
FS 141 
COE 101 
COE 181 
COE 101 
Courses in Biomathematics 
Biophysics 696 
Supervision of Dissertation Res. 
Physics 107 
BPH 517 
BPH 517/512 
BPK 517/589 
BCH 
BCH 
BPB 517/512/401/402/550 
Eng 470/453 
EAS 204 
Chemistry 512 
Chemistry 101-102 
J. F. Moran, D.'J. Triggle BP/BC 630/630R 
J. F. I4oran Biochem. 446 
Biochem 503 
M. May Pharmacology 501 
Pharmacology 503 
K. N. Leibovic Biophysics 656 
Biophysics 540 

SEXINARS PRESENTED - CElJTER FOR THEOREFICU BIOLOGY 
K. IV. Jeon - Go-ordinator 
. . 
iJe have succeeded i n  maintaining our  r e g u l a r  schedule 
of  f o r t n i g h t l y  seminars dur ing  t h e  p a s t  year ,  except  for  
t h e  summer months, I n  s p i t e  of t h e  purported r o l e  of 
seminars i n  br inging  together  t h e  Center members a s  w e l l  
as o t h e r s  on t h e  ground of common i n t e r e s t  i n  an in-  
t e l l e c t u a l l y  e x c i t i n g  atmosphere, i t  has n o t  been easy 
always t o  a t t r a c t  a s i z a b l e  audience from t h e  Center f o r  
each seminar, This problem of  numbers a t t end ing  i s  
apparent ly  n o t  unique t o  t h e  Center seminars. On t h e  
whole, however, our seminars during t h e  p a s t  year  have 
been w e l l  received and q u i t e  f r u i t f u l ,  smaller numbers 
seeming t o  genera te  s t imula t ing  d i scuss ions ,  
T h e  seminars he ld  a t  t h e  Center and t h e  a b s t r a c t s  a s  
they  appeared on t h e  n o t i c e s  a r e  a s  follows: 
January 6 D r .  Arthur T, Winfree 
Princeton Universi ty ,  Pr inceton,  N-J. 
T13E TEiYiPORAL BlOWIIOLOGY OF A BIOLOGICAL CLOCK 
of  Biophysical  Sciences,  
January 16 D r .  P ,  D ,  Papahadjopoulos 
Biochemistry Department, SUNY/E 
PHOSPEOLIPID L I Q U I D  CRYSTALS AS &IODEL EEL>~SWJES 
Dispersion of  phospholipids i n  water by u l t r a son ica -  
t i o n  produces u n i l a ~ t ~ e l l a r  c losed vesicles, These structures 
i ncorpora te  small  molecules and ions  i n  t h e  i n t e r i o r  , 
aqueous comparkntent and e x h i b i t  c h a r a c t e r i s t i c  permea- 
b i l i t y  p r o p e r t i e s ,  
Physacs Department, SU~dfb/@ 
- 
EJIFICANCZ O F  FLUOi%SCENCE IN FSATEIZ 
n water sugges ts  ailechanislns for 
aggregat ing energy, A ~xodel of water c l u s t e r s  w i l l  be 
descr ibed t o  expla in  the observed r a d i a t i o n s .  The con- 
versgon of t h  near  i n f r a r e d  energy may be a source '  
o r  free energy i n  l i v i n g  systems. 
February 13 Dr. V. ---- S .  - Vaidfiqranakhan -- - -- 
Center f o r  Theore t i ca l  Bioloqy, S U N ~ / ~  
REPORT OPT THE INYERrJATIONAL SY24POSIU:i OLJ ATOMIC, 
l'IOLECULAR AL4B SOLID-STATE TI-IEORY AN9 (>U14iiJTUII BIOLOGY 
D r .  P e t e r  Hebborn February 20 
~ i o c n e m i c a l  Tharr:tacology, SUNY/E 
and 
r. P i e r r e  Band 
P r i n c i p a l  C l i n i c a l  I n v e s t i g a t o r ,  Roswell 
Par!< h:lemorial I n s t i t u t e  
A TUL40R-SPECIFIC ALKYLATING CARi3AliCATE : PI-IARTIACOLOGIC AND 
CLINICAL ACTIVITIES 
A iaarked s t r u c t u r e - a c t i v i t y  r e l a t i o n s l ~ i p  i s  seen wi th  
i n  tumor-bearing rodents ,  Data fro12 pharmacologic and 
c l i n i c a l  s t u d i e s  w i l l  be summarized and t h e o r e t i c a l  i m -  
p l i c a t i o n s  of t h i s  study w i l l  be discussed.  
February 27 B r ,  Lejaren B i l l e r  
S lee  Professor  o f  ~oiTposi t ion ,  
~4usi.c Departinent , SUi9Y / f; 
SO.iIE PROGP&QIPWG TEGBNIQUES FOR i1USIC COI9OSITEQM 
The speaker has been developing a computer language 
f o r  music co~ i~pos i t ion .  Excerpts from t h e s e  corilpositions 
w i l l  be used during t h e  talk, 
Xar ci-1 6 D r ,  P h i l i p  Rosen 
Beparhnent of Physics  and Astronomy 
Univers i ty  of  i i assachuse t t s  
A KROI'JIG-PENNZY ~ ~ O D E L  OF SALTS OF nlvlz 
A oize-diit~ensional Kronig-Penney model f o r  a  sa l t  
l i k e  IJa D8A is  given.  The h e l i c a l  p e r i o d i c i t y  i s  
t r e a t e d  i n  a manner suggested by Tinoco and F7oody. Usins 
data on t h e  semiconductor band gap t h e  t e n  bands f i l l e d  
by 20 IT e l e c t r o n s  are obtained.  
ilay 18 A. E. S h i e l d s  
Fr iday R e g i s t r a r ,  Univers i ty  of Sussex, England 
and 
Harry Boff 
United Kingdom Atomic Energy Author i ty  
Consul tant  t o  t h e  C e n t r a l  Electric Board 
London, England 
TOTAL, I13VCILVEi'GN'i' OF STAFF AiqD STUDENTS 112 RUNNING A 
UNIW1ISITY Co-sponsored by Facul ty  of Natura l  
Science and Flathematics 
iliay 22 D r .  Narendra Goel 
Depastrrkent of  Phys ics  and Astronomy 
Univers i ty  of Rochester ,  N,Y, 
A model, based on t h e  g e n e t i c  code, f o r  c a l c u l a t i o n  
of t h e  f requencies  of 6 4  t r i p l e t s  (codons) of  nuc leo t ides  
i n  DNA w i l l  be p resen ted ,  The impl i ca t ions  of  t h e s e  
c a l c u l a t i o n s  on t h e  range of t h e  f requencies  of nuc leo t ides  
i n  t h e  n a t u r a l l y  occur r ing  DIVA raolecules, on numerical  
taxonorl~y and evo lu t ion  of Life w i l l  be d iscussed ,  
June 5 D r ,  Richard A ,  Z l l i o t t  
Uepartrnent of Physics and Astronomy 
University of :?oclkester, N,Y, 
TBfi ZFFECT OF LATTICE VI3&%TIOl.?S OiJ TPLZP-LIIJITED 
EXCITOtJ LIFETL2ES 
The proSlem of exci ton  migration and t r app ing  on a 
l i n e a r  poly~aer  is t r e a t e d  a s  a random walk on a one- 
dimensional l a t t i c e ,  The average number of s t e p s  requi red  
f o r  a ~ ~ a l l r e r  t o  be t rapped i s  ca lcu la ted  when t h e  probabil-  
i t y  of s tepping  t o  ad jacen t  l a t t i c e  s i t e s  is  no'c symmetric, 
and is found t o  be less than t h a t  ca lcu la ted  f o r  a symnetric 
wallr, An asymnetric s tepping  p r o b a b i l i t y  is  shown t o  re-  
s u l t  from t h e  therrttal v i b r a t i o n s  of t h e  l a t t i c e .  The 
magnitude of t h i s  e f f e c t  oil t h e  exc i ton  l i f e t i n e  i s  esti- 
mated and found t o  be s i g n i f i c a n t .  
September 5 D r .  -------- A l e x  &anghan 
Friday Senior  P r i n c i p a l  S c i e n t i f i c  O f f i c e r  
A g r i c u l t u r a l  kcsearch Council 
I n s t i t u t e  of Animal Physiology 
Babraham, Cambridge, England 
Co-sponsored with Department of  Experi- 
mental  Biology, Roswell Park Memorial I n s t i t u t e  
Septexber 25 D r .  rdarren G, Bennis -- 
V i c e  P res iden t  fo r  Acaderilic Develonn~ent 
TK% TEi4?ORARY SOCIETY 
The e f f e c t s  02 itbe temporary s o c i e t y "  on human 
r e l a t i o n s ,  love and l i f e .  
Octobar 9 C r ,  Franco G Q  Conti 
Laborator io c i iC iLerne t i ca  e L i o f i s i c a  
Gonsiyl io  ~ ~ a a i o n a l e  G e l l c  2 icercne  
Ga:;iogli (cjenova) S t a l y  
O s c i l l a t i o n s  i n  t h e  axonal membrane p o t e n t i a l  are 
invar i ab ly  observehn i n  resilonse .to s t i n u l a t i o i l s  wi -kh  
s t e p s  of c u r r e n t  of any a i ~ ~ x ~ l i t u d e .  The frequency of tile 
o s c i l l a t i o n s  i s  a c h a r a c t e r i s t i c  property of t h e  e x c i t a b l e  
nneriisrane, tahich i s  independent of t h e  e x t r a c e l l u l a r  i o n i c  
cordposition and d e ~ e n d s  s t r o n g l y  on temperature and on 
t n e  steac-y e l e c t r i c  f i e l d  e x i s t i n g  rritilin t h e  ~i~embranz, 
October -- 30 D r .  -&&riaan L, Gershfeld 
Re s ear criii&er;144s t I 1 . i r - -% _,, ,. TP a i i ~  :7'- LPg 
Betfiescla , ~ i a r y  land 
STE2OID I~OI~~::~O~IE-~?.OLJ~)LAYE~~ IiqTEl..CTIO'L.TS 
General p r o p e r t i e s  of t h e  s t e r o i d  hormone - l i p i d  
monolayer i n t e r ~ c t i o n s  a r e  discussed.  An a l t e r n a t i v e  
t o  t h e  concept of the binding s p e c i f i c i t y  of t h e  
" t a r g e t - s i t e u  i s  presented  wnicii accounts f o r  t h e  ubiqui tous 
\ 
dr, Janos Laciik 
- -- -- - -- .-- .- - - - - _ ___  _ _  ____I_-- V i s i t i n g  Pro fessor ,  C C ~ J Y ,  ldew York 
Tlze methods of t h e  a;aproxi.iaation of t h e  e l e c t r o n i c  
s t r u c t u r e  sf DkJA const i tuentr j  anG of t21e macro- 
riaolecule w i l l  be presented ,  together  with i n t e r p r e t a t i o n  
of d i f f e r e n t  phys ica l  p r o p e r t i e s  of DXW, and p o s s i b l e  
b i o l o y i c a l  consequences. 
November 11, D r ,  E ,  C. Pol lakd 
Tuesday Evan Pugh Professor  of Biophysics 
Pennslyvania S t a t e  Universi ty  
Universi ty  Park, Pennsylvania 
TllEORY OF ACTION OF IOL\IIZIMG sWDIATION ON CELLS 
i.fETA30EI@ STA3ILITY XlTD EPLGEiJESTS 
A Model of t h e  Genotype Phenotype mapping: I n ~ p l i c a t i o n s  
f o r  Carcinogenesis S t e r o i d  Research, 
Randonly constructed g e n e t i c  c o n t r o l  c i r c u i t r y  models, 
c e l l  t ypes ,  a s  s t a b l e  o s c i l l a t o r y  modes of behavior,  A 
comnon f e a t u r e  of mutational c p i g e n e t i c  carcinogenesis  
nay be d i s r u p t i o n  of flow pathway anong cell  types.  S t e r o i d s  
and o t h e r  hormones could be used as probes Lo explore  those  
pathways. 
Interfaculty Seminar - SYSTEi\'iS IN THE SCIENCES 
Ludwig von Bertalanffy 
Faculty Professor 
The working group of the Seminar has met weekly during 
the winter term, and has in particular discussed models and 
mathematical approaches in the systems fields. Presentations 
included: 
2. von Bertalanffy - Survey of developments, in the 
various sciences, necessitating a systems approach. 
R,  Rosen - ~ynamical system theory; mathematical form- 
ulations of system-theoretical ideas. 
G. T. Herman - Theory of Automata and related topics, 
with discussion of computability, simulation, automata-theoret- 
ical models for cellular systems, etc. 
W e  P. Buckley(visiting lecturer) - Gtodern systems theory 
and sociology, considering a socio-cultural mod.el as both 
adaptive and creating, and including conflict, deviance, 
power, coercionf etc, 
L. von Bertalanffy - Open systems, including the apparent 
living nature; kinetic and thermodynamic consideration of 
open systems, biological consequences- 
D, S. Riggs - Steady-state behavior in nultiple feed- 
back loops, formulation of causal relationships; feeaback 
(negative and positive); limitations of analysis in multi- 
loop, nonlinear feedback systems, and approach by steddy- 
state analysis; chemical control of breathing as example of 
such analysis, with explanation and prediction of actual 
results 
Attention may also be called to some recent books 
containing con ffy on system 
problems :: 
Beyond Reductionism. Edited by A, ~oestler and J I  R. 
Snythies. London: Hutchinson, 1969 
General Systems Theory and Psychiatry, Edited by 
W. Gray, N. Rizzo and F. Duhl; Little, Brown: Boston 1969 
Biologische Modelle. Annual Meeting 1957 of Deutsche 
Akademie der Naturforscher Leopoldina. ~eipzig: J.A. Barth, 
published 1969, 
